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ABSTRACT 
Abstract of the thesis submitted to the Aligarh Muslim University, Aligarh, India ;c; 
the Degree of Doctor of Philosophy in Botany. 
Four pot experiments were carried out based on complete randomized blc- '•' 
design, during the rabi seasons of 2002-2005 with the aim to study the utility o": ivv 
concentrations of city wastewater, 100%WW and 50%WW as supplement? n"^" 
nutrients along with GW as control and optimum doses of NPK fertilizers for 'ert'-
{Lens culinaris cv. DLP-15) crop. The data were mostly significant. Vario.i:-
parameters of soil and wastewater were also analysed for physico-chemical properties 
along with the study of some heavy metals and microbiology of wastewater. 
Experiments I was conducted during the 'rabi' (winter) season of 2002-2003 
to study the effect of three concentrations of the water (GW, 50% WW and 100%WW) 
and four levels of N (0, 10,20 and 40kg N ha'' in presence of a uniform dose P2oK.2t.i} 
alone or in combination on the performance of lentil cv. DLP-15. Among the 
concentrations of the wastewater, 100%WW proved superior for most growth, yield 
and quality parameters. N at Nio proved optimum, whereas N20 luxury and N40, 
excessive. Interaction 100%WWxNio surpassed others. 
Abstract 
Experiment II was also conducted along with Experiment I to study the effect 
of three concentrations of the water (GW, 50%WW and 100% WW) and four levels of 
P (0, 10, 20 and 40kg P ha"' in presence of uniform N20K20) alone or in combination 
on the performance of the same cultivar of lentil. Application of 100%WW proved 
more effective than others. Of P doses, P20 proved optimum, while Pio deficient and 
P40 at luxury consumption. Interaction 100%WWxPio out-yielded others. 
Experiment III was conducted during the winter season of 2003-2004 to study 
the effect of three concentrations of the water (GW, 50%WW and 100%WW) and 
four levels of K (0, 15, 30 and 45kg K ha"' along with a uniform dose N10P20 
determined in Experiment I and II) alone or in combination on the performance of the 
same cultivar of lentil. Wastewater at 100%WW proved best for most parameters. K30 
superseded others while K15 proved deficient and K45, wasteful. Interaction 
100%WWxK3o gave best results. 
Experiment IV was conducted during 2004-2005 on the same crop to 
strengthen the findings of the earlier three experiments (Experiments I-III). In this 
experiment, the effect of concentrations of the water (GW, 50%WW and 100%WW) 
and two combination of NPK (half optimum doses of NPK, i.e. N5P10K15 and 
optimum doses of NPK, viz. N10P20K30 determined in Experiments I-III) was studied 
alone or in combination on the performance of the crop. The wastewater at 100% WW 
and N10P20K30 alone proved best for growth, yield and quality parameters. Among 
interaction, 100%WWxNioP2oK3o excelled others. However, the effect of interaction 
100%WWxN5PioKi5 was at par with that of GWXN10P20K30. On the basis of the equal 
effectiveness of these two interactions it may be inferred that the wastewater has 
potential of providing nutrients to the crop. 
Abstract 
Therefore, it may be concluded that 100% wastewater proved to be a good 
source of nutrients and irrigation water and also helped in saving of some inorganic 
fertilizers. Therefore, lessing the demand of inorganic fertilizers and fresh water for 
agriculture. However, it must be admitted that wastewater contained higher amount of 
Ni in addition to BOD while the latter parameter in case of 50%WW was within the 
permissible limits. Microbiological analysis showed the presence of some of the given 
microorganisms therefore iarmers may be warned to be more careful during irrigation 
operations. 
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Chapter-1 
INTRODUCTION 
India needs more of agricultural commodities under conditions of increasing 
population crossing the 1 billion mark. With continuous decrease of per capita arable 
land and irrigation water resources various parts of the country are reeling under food 
and water scarcity. It is noteworthy that inspite of the enormous amount of water 
present on the earth's surface only about 0.4%-0.5% fresh water is available for plants 
and human beings (Cunningham and Saigo, 1995). The problem is more serious in 
India, as fresh water resources are becoming extremely limited due to their over 
consumption. According to an estimate, in 21*' century, India will have less than 
2000 m^ renewable fresh water available per capita annually which is far less than 
many countries including USA, Canada and Australia. This is because the distribution 
of fresh water resources worldwide is unequal. For example, Asia with 60% of world 
population has only 36% of river run off, whereas South America with 6% population 
has 26% run off. Interestingly, more than 60% of the fresh water in the world each 
year is diverted for irrigating crops. In Asia, with two-third of the world's irrigated 
land, 85% of water goes for irrigation while in India, irrigation sector with 83% of 
water is the major consumer of fresh water (Anonymous, 2002). 
With the steady increase in industrialization and urbanization during the past 
few decades, there has been a great stress on available water resources as the 
considerable amount of wastewater is discharged out of industries and cities. It is, 
therefore, highly desirable to reduce the wastage of over scare freshwater resources by 
making careful use of marginal sources like sewage, industrial drainage or run off 
water in irrigation. As effluents and sewage contain valuable plant nutrients and thus 
their reuse in agriculture is not only a means for preventing environmental pollution 
but also an important source of nutrients along with irrigation water, serving the dual 
purpose one its comparatively safe disposal on land instead of water bodies and 
second, lesser use of inorganic fertilizers as excessive use has created serious problem 
of nutrient increase in water bodies causing their eutrophication or contaminating the 
ground water through leaching. Keeping this in view, plant nutrition experts in India 
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are trying to shift their emphasis for maximum production with minimum nutrient 
emission. Thus, emphasis may be given to add plant nutrients to soil through organic 
manures, biofertilizers and use of wastewater with certain Hmitations so that the 
excessive use of inorganic fertilizers could be avoided. 
Selection of crops to be grown under such conditions is also important. In this 
regard, cultivation of leguminous crop particularly pulses may be considered to be of 
enormous importance because they can fix about 50% of their total nitrogen 
requirement with rate of fixation going even up to 100kg ha' (Pepper, 2000). In 
addition, they furnish vegetable protein for human nutrition. A point to be emphasised 
here is that pulses also possess several other qualities such as they improve soil 
physical structure and fit well in mixed/inter cropping system and in crop rotation. 
India is a major pulse growing country of the world, sharing 35-36% and 27-28% of 
the area and production of these crops respectively. Neverthless, the per capita 
availability of pulses is about 39. Ig day'' compared with 74. Ig as per report of WHO 
(Anonymous, 1988). These data indicate that the production of pulses is not 
sufficient. Among pulses, lentil {Lens culinaris) is an important pulse crop of winter 
season. It is largely grown in India, Turkey, Syria, Pakistan, Spain and Bangladesh. 
Incidentally, India ranks first in the world in respect of area and production as it 
occupies an area of 1.2 million hectare with a total production of 0.8 million tonnes 
(FAO, 1994). 
Therefore, to tap various sources of plant nutrition like wastewater, soil, 
biological nitrogen fixation and inorganic fertilizers^ to know the correct ratio of 
nutrients specially the NPK and keeping in mind the lesser dependence on inorganic 
fertilizers to find out their correct amount, judicious use of wastewater in agriculture 
thereby conserving the valuable nutrients and water which would otherwise go waste 
and also safe guarding the water pollution, following four pot experiments based on 
complete randomised block were designed to study the city wastewater of Aligarh 
while growing lentil {Lens culinaris L. Medik) cv. DLP-15, a locally grown popular 
pulse crop. 
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1. To test whether nutrients present in the wastewater could substitute the 
externally applied N in the presence of a uniform starter basal dose of P and K 
(Experiment I). 
2. To study whether the wastewater could furnish nutrients in presence of a 
uniform starter basal dose of N and K if P is applied in different doses 
(Experiment 11). 
3. To obtain the effect of nutrients present in the wastewater with that of 
different doses of soil-applied K in the presence of a uniform recommended 
basal dose of N and P determined in Experiments 1 and II (Experiment III). 
4. To confirm the findings of first three experiments and to investigate whether 
the nutrients present in the wastewater could further minimise the soil-applied 
half or full basal dose of NPK (Experiment IV). 
<%E'P^ j(ETi^  o(F Lir<E<^rv^ 
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Glossary of Plant Species 
Botanical Name 
A bclmoschiis esculent us 
Abut Hon indicum 
Albezia lebbeck 
Allium cepa 
Amaranthus spinosus 
Apium graveoles 
Apiuin petroselinum 
Arachis hypogaea 
Avena sativa 
Beta vulgaris 
Brassica juncea 
Brassica oleracea 
Brassica oleracea var. capitata 
Brassica rapa L. ssp. pekinensis 
Cajanus cajan 
Cannabis sativa 
Capsicum annuum 
Cassia occidentalis 
Cassia tora 
Ceratophyllum demersum 
Cicer arietinum 
Citrus sinensis 
Cuciimis sativus 
Cyamopsis letragonoloba 
Cypersus rotundus 
Daucus carota 
Dianthus caryophyllatus 
Eichhornia crassipes 
Eleusine coracana L. 
Euphorbia prostrate 
Foeniculum vulgare 
Fragaria vesca 
Glycine max 
Gossypium hirsutum 
Hordeum vulgare 
Hydrilla verticillata 
Lactuca sativa 
Lagenaria vulgaris 
Lens culinaris 
Limim usitatissimum 
Lucaenea leucocephala 
Lycopersicon esculentum 
Medicago sativa 
Common/Vernacular Name 
Lady's finger 
Abutilon (Kanghi)/Flowering maple 
Siris 
Onion 
Amaranth 
Celeiy 
Parse ley/Perse le 
Groundnut 
Oat 
Beetroot/Fooder beet 
Mustard 
Cauliflower 
Cabbage (Broccoli) 
Chinese cabbage 
Pigeon pea 
Hemp 
Chilli 
Coffeeweed 
Foetid 
Hornwort 
Chickpea 
Citrus/orange 
Cucumber 
Cluster bean 
Motha/Cyprus/Nutsedge 
Carrot 
Carnation 
Water hyacinth 
Finger millet 
Prostrate spurge 
Fennel 
Strawberries 
Soybean 
Cotton (upland/kapas) 
Barley 
Water thyme 
Lettuce 
Bottlegourd 
Lentil 
Linseed 
White popinac/Horse tamarind 
Tomato 
Alfalfa, leucerne 
Glossary of Plant Species 
Botanical Name 
Mineolla tangelo 
Oryza saliva 
Parthenium hysteruphorus 
Pennisetum ammericanum 
Pennisetum typhoides 
Phaseolous vulgaris 
Phascolus miingo 
Pistia stratiotes 
Pisum sativum 
Raphanus sativus 
Ricinus communis 
Saccharum officinarum 
Sesanuini incJicwu 
Solarium tuberosum 
Sorghum vulgura 
Spinacca olcracca 
Trifolium alexandrium 
Trigoncllu Joenuin-graccum 
Triticalcs ecale Sercle 
Triticum aestivum 
Typha angustala 
Vigna radiatus 
Vigna sinesis 
Zea mays 
CommonA'^ernacular Name 
Citrus reticulata 
Rice 
False rageweed 
Millet 
Pearl millet 
Frenchbean/kidney bean/stringbean 
Blackgram 
Water lettuce/tropical duckweed 
Pea 
Radish 
Castorbean 
Sugarcane 
Sesame/gingelly 
Potato 
Sorghum 
Spinach 
Berseem/Egyptian clover 
I'cnugrcck 
Triticale 
Wheat 
Cattail 
Green gram (Moong) 
Cowpea 
Maize/corn 
Chapter-2 
REVIEW OF LITERATURE 
Since the objective of the thesis was to study the utility of wastewater in 
agriculture, this chapter was broadly divided into four sections. The first two sections 
were separated on the basis of the nature of the crop and wastewater while the last two 
were based primarily on heavy metals present in wastewater and their effect on plants 
and lastly the use of inorganic fertilizers in relation to the crop under study. 
2.1 Effect of wastewater on leguminous crops including lentil 
As pointed out above, references on wastewater and leguminous crops in 
general were considered here. 
Singh (1981) at Muzaffamagar studied the effect of paper mill wastewater on 
pea var. T-163 and lentil var. L9-12. It was observed that percentage of germination, 
speed of germination index and seedling growth were markedly affected when soaked 
in higher concentration of wastewater for a longer period of time. At Waltair, Murty 
and Raju (1982) investigated the effect of alum factory effluents on rice, greengram 
and mustard. Different concentrations of wastewater starting from 25%, 50%, 75% 
and 100% were applied where the three crops responded differently. In rice, upto 50% 
concentration, shoot inhibition was more as compared to root. Inhibition of shoot and 
total inhibition of radicle emergence was observed at 75% and 100% concentration. 
While in case of green gram at 25% shoot inhibition was more than root. On 
increasing the concentration up to 50%, growth of both organs was significantly 
affected while in 75% and 100% total inhibition of shoot and further inhibition of root 
was observed. While in case of mustard severe inhibition was noticed in both root and 
shoot at 25% while on increasing the concentration total inhibition was obsei-ved. 
At Aligarh, number of studies have been conducted by Ajmal and associates at 
the Zakir Hussain college of engineering and technology on different industrial 
effluents and their effect on plants. However the studies were restricted mostly upto 
chemical analysis of soil and effluents, in addition to seed germination and seedling 
growth only. Mention may be made of Ajmal and Khan (1983) when they tested sugar 
factory effluent under different concentrations on kidney bean and millet. 
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Germination in water-irrigated soil was 100% whereas it ranged between 99% and 
91% in effluent. In this study, 25% effluent was most suitable for germination. Ajmal 
et al. (1984a), applied effluent of Glaxo Laboratories and observed that undiluted 
effluent restricted the germination in kidney bean but enhanced it in pearl millet. 
100% effluent retarded the height in both crops, while in case of kidney bean, 25% 
and in pearl millet 75% effluent enhanced it considerably. Effect of effluent 
discharged from breweries on soil fertility and its effect on wheat and pea was also 
studied by Ajmal and Khan (1984b). The germination percentage of pea and wheat 
seeds was restricted to 80% and 90% respectively when 100% effluent was used. 
Growth was retarded with 100% effluent while 50% gave enhanced growth. During 
the same year they further reported that upto 75% effluent from vegetable ghee 
manufacturing unit can be used for irrigation of pea and mustard. Ajmal and Khan 
(1985a) further studied the textile factory effluent on kidney bean and lady's finger. 
Germination was delayed with 100% and 75% effluent while 50% effluent enhanced 
the growth and further increase in concentration showed retardation. In case of 
electroplating factory effluent on water hyacinth and mustard seeds, decrease in 
germination with increasing concentration was observed by them. Seed germination 
in mustard was totally inhibited by 1.5% effluent whereas in hyacinth bean it inhibited 
by 2.5% concentration. 
Also at Aligarh, in another lab at Botany Department, Aziz et al. (1993 a) 
studied the varietal response of green gram to treated Mathura refinery effluent on 
nitrate reductase activity (NRA). The enzyme was stimulated by effluent application 
over ground water and it was more in var. T-44 as compared to var. K-851. During 
the same year (1993b) they also studied the effect of the same effluent on 
performance of lentil along with N15P30K40 fertilizer dose. The growth characteristics 
and grain yield showed significant increase with effluent. Aziz et al. (1994) further 
studied the same effluent and noted increase in all the growth and yield parameters of 
triticale and in 1995a observed increased growth and yield in four cultivars of wheat. 
Aziz and Inam in the same year (1995b), reported that leaves of wheat, mustard, 
cauliflower, spinach, cucumber and radish accunmlated more heavy metals and 
inorganic chemical constituent as compared to other plant parts when irrigated with 
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city wastewater of a local drain. Again in (1996a) Aziz et al. studied the long term 
effect of refinery wastewater on wheat, triticale, chickpea, lentil, pigeon pea and green 
gram. Wastewater increased the yield in all the crops except greengram which was 
adversely affected showing 16.6% decrease in seed yield. In continuation (Aziz et al., 
1996b) based on two years experimental work on treated wastewater, inorganic 
fertilizer and their interaction improved growth and yield of Egyptian clover was 
observed. The performance of triticale was again studied under five levels of 
irrigation of the same effluent by Aziz et al. (1998) and linear increase in all 
parameters was noted with the increase in irrigation frequency and three irrigations of 
treated water proved better to four of ground water. Aziz et al. in 1999 while working 
on maize and mustard observed an increase in growth and yield. 
Also at Aligarh, in 1993 Inam et al. compared the effect of refinery effluent 
and ground water and no adverse affect on seedling emergence was observed in 
triticale and wheat. On the same wastewater, SamiuUah et al. (1994) observed 
beneficial effect as the yield was enhanced by 6, 9 and 10% during three consecutive 
years over control in case of wheat while Siddiqi et al. (1994) observed adverse effect 
of the same effluent on green gram. Sewage water irrigation at Aligarh was studied by 
Javid et al. (2003) who reported enhanced growth and yield under sewage irrigation 
while higher protein and carbohydrate in grains of wheat under ground water 
irrigation and higher nitrogen, phosphorus and potassium content with wastewater. 
Khan et al, (2003) while taking two leafy vegetables, spinach and fenugreek reported 
an increase in chlorophyll a, b and total chlorophyll content, photosynthctic rate, 
water use efficiency, growth and yield. In 2004, Shah et al also investigated the utility 
of this waste water for the cultivation of triticale and wheat, ll proved belter over 
groundwater and recorded an increase in growth, leaf NPK content, NAR and seed 
yield. They further studied the same wastewater in 2005, and concluded that sewage 
water irrigation resulted in increased growth, yield, protein and carbohydrate yield in 
triticale. 
Another wastewater studied was from distilleries where Goel and Mandavekar 
(1983) from Karad reported that cluster bean with 10% distillery wastewater showed 
higher nodulation. However, nodule production retarded at higher concentration 
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because of increased salt contents and organic matter in the soil but under such 
conditions more nitrogen was absorbed by the plants. 
Similar water was tested by Sahai et al. (1985) at Gorakhpur (UP) on growth 
behaviour of green gram who observed decrease in germination percentage, speed of 
gentiination index with increase in effluent concentration while increase in root and 
shoot length, plant biomass, net primary productivity, seed output and chlorophyll 
content of green gram when grown with 5% effluent. Soluble protein and N content of 
seed also increased upto 50 and 15% effluent respectively. Again in 1987, Sahai and 
Neelam investigated the combined effect of fertilizer and distillery effluent applied in 
9 concentrations ranging from 1-100%. Three concentrations 5%, 10% and 30% 
proved best for germination percentage, seedling biomass and pigment content of 
green gram respectively, however over all plant growth was optimum under 15%. In 
the same year Srivastava and Sahai further studied the effect of distillery effluent on 
chickpea and reported that percentage and seed germination of seeds decreased with 
increase in concentration and no germination took place in undiluted effluent. 
Maximum root and shoot length was exhibited at 2.5 and 5% concentrations. The 
values of root and shoot lengths, leaf area, biomass, net primary productivity, pigment 
content, reproductive capacity, seed output, seed weight, seed density and seed 
protein content exhibited a gradual increase upto 5% concentration and decreased at 
higher concentration. 
Mukherjee and Sahai (1988) further observed that at 5%, of the same effluent, 
seed germination index, seed output and dry weight were optimum in pigeonpea, 
beyond which these parameters decreased. Seedling establishment was 100% upto 5% 
concentration and maximum shoot length was observed at 2.5% concentration. In 
continuation, Neelam and Sahai (1989) also reported that length of root and shoot, 
plant biomass and nitrogen uptake were markedly increased when greengram was 
grown with 10% effluent while total nitrogen in root, stem and leaves increased even 
upto 30%. Also at Gorakhpur, Jabeen and Saxena (1990) observed that lower 
concentrations upto 5% of distillery and 2.5% of fertilizer factory effluent favoured 
the growth leading to increased dry matter, pigment and protein content of pea. They 
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were of the opinion that both wastewaters may be used as a source of nutrients after 
proper dilutions. 
Concentration of distillery effluent had a direct bearing on the rate and 
percentage of germination in cow pea and fenugreek while biomass showed a 
decreasing tendency with the increasing concentration was the opinion of Somashekar 
et al. (1992). Taking the same effluent, Kannabiran and Pragasam (1993) from 
Pondichery reported that seeds of black gram failed to germinate in undiluted effluent. 
In 75% concentration radicle emergence was noted while roots with few laterals were 
noticed in 25%. The maximum values of morphological and biochemical parameters 
were recorded in 2.5%. Singh and Bahadur (1995) at Pantnagar also applied similar 
effluents on various crops like rice, wheat, blackgram, greengram, mustard, soybean, 
lentil, maize and chickpea. They germinated the seeds in 0-100% effluent 
concentrations and no response was observed in 100% while it was normal in 20% 
concentration. Germination of rice and lentil was markedly reduced at 50%o effluent 
and wheat proved to be the most sensitive crop. In the same year, Subramani et al. 
(1995a) at Annamalainagar also investigated the effect of this effluent after biological 
treatment by growing water hyacinth plants for 5 days in raw effluent. Both raw and 
treated effluents were tested on green gram seedlings under 100, 50, 25, 10 and 5% 
concentrations. 5% and 10% of biologically treated effluent proved good for all 
growth parameters. They also reported that higher concentration of distillery effluent 
has deleterious effect on growth and yield of green gram (Subramani et al., 1995b). 
Again in 1999, raw effluents from the same source were studied with hornwoit plants 
and it was observed that due to removal of harmful substances, biologically treated 
effluent promoted growth and yield of green gram to certain extent. 
Karman (2001) at Periyakulum Theni also studied the distillery effluent on 
green gram and pearl millet. 1% effluent gave the highest germination percentage, 
shoot length, root length and vigour index in both the crops and no germination was 
observed in 100% effluent. Relative efficacy of three distillery effluents, raw spent 
wash (RSW), biomethanated spent wash (BSW) and lagoon sludge (LS) with 
recommended fertilizer dose and farmyard manure was investigated by Ramana et al. 
(2002a) at Bhopal (MP), The three effluents increased the total chlorophyll content. 
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crop growth rate, total dry matter, nutrient uptake and seed yield in groundnut but 
inhibited the nodulation and also decreased the nitrogen fixation. Among the 
effluents, BSW produced highest seed yield followed by RSW and LS. However, 
these effluents did not influence the protein and oil contents. 
Manoharan and Lakshamanan (1987) from Dharwad reported improved seed 
germination and early seedling growth in black gram due to the presence of trace 
elements and nutrients in tannery effluent. Balashouri and Prameeladevi (1994) at 
Warangal also tested similar effluent on green gram, pigeon pea and sorghum. Seed 
germination, seedling growth, chlorophyll content and biomass were optimum for 
legumes at 10% and for sorghum it was 5%. Similarly, working on the same effluent, 
Bera sand Saha (1998) at Mohanpur found that seedling growth of pigeon pea and rice 
was stimulated under 10% and 5% respectively. Different concentrations of tannery 
effluent have different effect on green gram were the observation of Bera and Bokaria 
(1999). In their study 10% concentration did not reduce seed germination but at 50%, 
germination was upto 64% compared with 96% in control. 2.5% concentration was 
the optimum dilution for seed germination, grov^h and pigment content. 
At Barielly (UP) Bahadur and Sharma (1989) studied the combined impact of 
wastewater discharged from three industrial units namely? Indian Turpentine and 
Rosin Co. Ltd., Western Indian Match Co. Ltd. and Camphor and Allied Product 
(Ltd.) on growth of pea. In their study growth parameters including biomass plant'' 
and seed pod'' decreased significantly in plants receiving wastewater at 30, 75 and 
135 DAS. However, the reduction in number of leaves and leaf area was not 
significant at 75 DAS and maximum decrease in leaf area was observed at early 
vegetative stage, 
Deivasigamani et al. (1989a) studied the effect of raw textile factory 
wastewater on blackgram at Armamalainagar. It inhibited growth parameters like root 
and shoot length, nodule number, leaf number as well as seed yield. The mortality rate 
at 75% and 100% raw wastewater was significantly higher. In another study (1989b), 
they reported that seed hardening with 1% CaCb checked adverse effect of 
wastewater irrigation on growth and yield. Similarly, effect of textile effluent on pea 
was observed under different concentrations by Gupta and Nathawat (1992) at Jaipur. 
Review of Literature 
They observed that increasing concentration, decreased the root and shoot length and 
total biomass. Root length was more adversely affected compared to shoot length. 
They also observed toxic effect on seed germination under this effluent. 
Tailing water discharged from Khetri copper complex, Khetrinager was tested 
on green gram, cluster bean, pearl millet, wheat, barely and mustard by Thukral 
(1989). Dry weight of different plant parts and total dry weight decreased in case of 
regular irrigation with wastewater. Among the crops, mustard was the worst affected 
in which total plant dry weight and dry weight of fruits decreased. However, dry 
weight of fruits increased by 50% in cluster bean and 25.6% increase in dry weight 
was also recorded in the spikes of wheat. 
Goud et al. (1990) from Baroda suggested the treatment of dimethyl 
tetrapthlate industry wastewater using mixed culture of bacteria Pseudomonas sp, 
Aeromonas sp, Arthrobacter sp and Bacillus sp. The bacterial culture reduced the 
COD and BOD upto 86% and 95% respectively in 48 hours. Germination test with 
seeds of sorghum, green gram and millet indicated complete removal of toxic 
pollutants. Sharma et al. (1990) at Raipur (MP) while working on wastewater of steel 
plant reported that it decreased Ca and Mg and increased P concentration in linseed, 
sesame and French bean. However, Fe concentration of sesame and French bean 
decreased with wastewater but increased in linseed. From the same place Goswami 
and Naik (1992) studied cluster bean and applied 10% effluent of phosphatic fertilizer 
factory showing higher value of chlorophyll content. Further increase in concentration 
adversely affected it. 
Seed germination and seedling height of maize, green gram and chickpea after 
soaking them in solution containing 25, 50, 75 and 100% of wastewater from oxalic 
acid manufacturing plant was studied by Shukla and Pandey (1991). Germination in 
maize, green gram and chickpea decreased from 100% in distilled water to 86,32, and 
55% respectively in 25% concentration and 52%, 12% and 15% respectively in 50% 
wastewater in three crops. 
Trivedi and Kirpekar (1991) at Karad (Maharastra) investigated the effect of 
dairy waste water on growth and mineral composition of soybean and green gram. 
They concluded that 75% and 100% dairy waste come under moderate to high salinity 
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class. It increased the ash, Ca, N aiid P content of both the crops. The P content 
increased in 10, 25, and 50% effluent but decreased in 100% in soybean. Dairy 
effluent was also tested by Prasanna et al. (1997) at Bhavanagar, on green gram and 
black gram. A gradual decrease in seed germination, seedling growth and pigment 
content was observed with the increase in concentration and 2.5% effluent gave the 
optimum germination. 
Ramasubramanian et al. (1993) at Sivakasi studied the effect of match and dye 
industrial effluent on seeds of black gram. Decrease in germination percentage, 
seedling length, fresh and dry weight, chlorophyll, and carotenoids was observed with 
increase in concentration. Similarly, leaf soluble protein and in vivo nitrate reductase 
activity also decreased. Dye and printing industry effluent was also studied by 
Kumawat et al. (2001) at Ujjain. They reported, no adverse effect on germination at 
lower concentration of effluent in chickpea and wheat but the growth was affected. 
They proposed that proper crop cultivar selection should be done before using the 
effluent for irrigation. 
Vijayakumari et al. (1993) at Coimbatore tested soap factory effluent ranging 
1, 2.5, 5, 10, 25, 50 and 100% and reported that at pure effluent, germination 
percentage of pearl millet and finger millet decreased whereas in green gram and 
black gram it was totally suppressed 2.5% and 5% dilution of effluent promoted 
seedling growth in finger millet and 5% dilution enhanced both seed gcrminaUon and 
seedling growth in pearl millet. Over all growth was enhanced in case of the two 
pulses under 2.5%. 
Suitability of treated effluent of a chemical industry on germination and 
growth of greengram and black gram was tested by Pillai et al. (1996) at Tuticorin. 
10% diluted effluent was more effective in promoting the germination, growth, 
chlorophyll and protein contents. Jabeen and Abraham (1997) at Thiruvanthapuram, 
noted the effect of Hindustan News Print Factory effluent on germination and 
seedling characteristics in foetid, cofFeeweed, French bean and cowpea. They 
observed stimulatory effect in most of the parameters studied. While undiluted sugar 
industry effluent was applied to wheat and gram by Iqbal and Mehta (1998) at Jaora 
(MP). They observed that total chlorophyll and dry matter were increased by 
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irrigation of wheat crop witli effluent. However total chlorophyll and dry matter of 
gram was adversely affected by it. 
Dhevagi and Oblisami (2000) from Tamil Nadu reported the effect of paper 
mill effluent on various crops. The raw effluent affected the germination percentage 
of maize, groundnut, soybean and black gram by 19, 5, 4, 13 and 9.9% respectively. 
The highest reduction in vigour index was observed in castor bean (56.5%) and 
sesame (47.6%). Growth behaviour of the crops showed increasing trend towards 
increasing effluent dilution. Augusthy and Mani (2001) at Arunapuram reported that 
above 50% rubber factory effluent adversely affected the seed germination percentage 
of green gram. They were of the opinion that dilution upto 50% favoured the seedling 
growth, length of root system, shoot system and number of lateral roots. 
In addition to the above-mentioned references work on the effect of 
wastewater has also been carried out by Cordonier (1980), Khan and Varshney 
(1989), Subramani et al. (1990), Ramanujan (1991), Byini and Jayakumar (1993), 
Madhappan (1993), Goyal et al. (1995), Pradhan et al. (2001), Rampal and Dorjey 
(2001), Tewari and Tripathy (2001), Javid et al. (2006) on crops like soybean, forage, 
green gram, chickpea, wheat, lentil, pea and blackgram. 
2.2 Effect of wastewater on non-leguminous crops 
In addition to leguminous crops, references were also available with 
non-leguminous crops and wastewater irrigation. Mention may be made of Shinde and 
Trivedy (1983) at Karad who studied the effect of distillery effluent. They reported 
that germination was inhibited and seedling height and dry matter production of 
lady's finger and com was adversely affected above 25% concentration. However, 
10% proved beneficial while reduction in root length was observed under all 
dilutions. They further reported that com was more tolerant than lady's finger. 
Srivastava (1996) at Gorakhpur, estimated the effluents discharged from 
industrial units like sugar and distillery for their chemical composition and concluded 
that such effluents after proper dilution showed moderate tolerance and better biomass 
as compared to higher concentration of effluent. Distillery effluent was also studied 
by Singh and Bahadur (1998) at Pantnagar. They observed the effect of twelve pre-
sowing irrigations and no adverse effect on germination of maize was noted and 
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growth and yield was also improved. Soil organic carbon, nitrogen, phosphorus and 
potassium significantly increased with number of irrigations. Ramana et al. (2002) at 
Bhopal observed the effect of 0%, 5%, 10%, 15%, 20%, 25%, 50%, 75% and 100% 
concentration of distillery effluent. They observed that with increase in concentration 
germination percent, speed of germination, peak value and germination values were 
decreased. 5% effluent was critical for seed germination of tomato and bottle gourd, 
while 25% for rest of the crops. Cucumber was the most tolerant, followed by chilli, 
onion, bottle gourd and tomato. 
Hemphill et al. (1985) at Aurora (USA) studied the response of broccoli and 
lettuce in soil, amended for two years, with tannery effluent. The N concentration of 
lettuce grown on waste amended soil was higher than that of lettuce grown on 
untreated and was approximately equal to yield obtained when commercial N 
fertilizer was applied at 112 N ha"'. Tannery effluent was also studied by Karunyal et 
al. (1994) at Madurai. Seed germination of paddy, abutilon and white popinac and 
leaf area, biomass and chlorophyll content of 40 days old seedlings of blackgram, pea, 
cotton and tomato were studied. Germination of paddy, abutilon and white popinac 
was inhibited by 25% and 50% and prevented at 15% and 100%. Leaf area, biomass, 
protein and chlorophyll content of cotton, black gram, cowpea and tomato seedlings 
were higher in 15% than those of control. The same effluent was also studied by 
Arora and Chauhan (1996) at Agra. Significant reduction in germination percentage, 
seedling growth and total biomass in almost all varieties of barley studied by them 
was observed. 
Bahadur and Sharma (1990) at Bareilly, studied the effect of industrial effluent 
on seed germination and early seedling growth of wheat. They reported decrease in 
germination percentage, root and shoot length in treated plants. Misra and Behera 
(1991) at Berhampur, tested the paper industry effluent on rice seedlings in relation to 
concentration and time of exposure. Percentage germination, water imbibing capacity, 
growth and pigment, carbohydrate and protein contents showed a decreasing trend 
with increase in effluent concentration and time. Among the parameters, protein was 
most sensitive. Effect of paper mill effluent and chlor alkali effluents was studied 
while growing radish and onion seeds by Srivastava (1991) at Jabalpur. In his study 
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effluent proved highly deleterious for germination and early growth. Agarwal and 
Chaturvedi (1995) at Faizabad while working also with paper mill effluent reported 
that the increasing concentration showed adverse effect on chlorophyii contents of 
wheat. 
While working on similar effluents, Baruah and Das (1997) at Guwahati 
observed delayed seed germination in rice and reduction of 12.5% in final 
germination percentage. They further (1998), studied the germination behaviour and 
seedling growth of rice under Nagaon paper mill effluent and observed adverse effect 
on germination and seedling growth. Also at Guwahati, Dutta and Boissya (1997) 
reported that germination and growth was inhibited by higher concentration of the 
same effluent. Even rice seeds collected from affected area were less viable and 
showed delay in germination. In 1999, they concluded that chlorophyll content and 
leaf area could not be directly correlated in both affected or non-affected rice plants 
under this effluent. While leaf area and total number of grains were directly 
proportional to each other when taken separately. Reduction in yield and its 
components was noted in rice when treated with the same effluent. (Dutta and 
Boissya, 2000). Earlier Dutta (1999) also tested the paper mill effluent and reported 
that water mixed with effluent was harmful to the growing paddy plants in general 
and was injurious to the standing paddy crop in particular. 
Salgare and Andhyarijina (1991) at Mumbai investigated the effect of 
industrial pollution on mineral contents of the plant species found along the bank of 
Patalganga river. The plant species were collected from three areas unaffected 
upstream, midway of low stream and highly polluted low stream sites. Inhibition of 
mineral contents like Na, K, Li, Ca, Mg, Fe, and P was observed, however CI was 
enhanced in plant species affected by industrially polluted water. It was also observed 
that low stream site was highly polluted. From the same place, Salgare and Acharekar 
(2000) reported that industrial pollution of Kalu river inhibited the growth parameters 
of five weeds studied. Highest inhibition was shown by weeds collected from 
Ambivali area. 
Abasheeva and Revenskii (1992) at Uan-Ude (Russia) in a pot experiment 
applied wastewater from cellulose and cardboard mill. The plants were grown in 
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alluvial meadow or grey forest soils, watered with clean water or purified wastewater. 
The wastewater increased dry matter yield of oat on both the soils and pea on grey 
soil and did not affect rape on either soils. No adverse effect on chemical composition 
and feed value of crops was observed 
Armon et al. (1994) at Haifa, using sprinkle irrigation, cultivated lettuce, 
parsley, cabbage, onion, carrot fennel, radish and tomato and reported elevated 
number of indicator micro organisms and advocated for the treatment of wastewater. 
In the same year, Chakrabarti and Nashikkar at Nagpur conducted a case study to 
assess the growth response of some forest trees. The results thus obtained showed that 
sewage wastewater generally has favourable effect on the germination and early 
seedling growth. 
Wastewater from Mexico valley, which was a mixture of domestic, industrial 
discharge and rainfall was used for irrigation purpose. As a result, crop yield 
increased in case of maize and lucerne (Jimenez et al. 1995). Effluents were also used 
by Segarra et al. (1996) discharged from wastewater system of city of Lubbock, 
Texas (USA) for crop irrigation. They developed a model to determine optimal 
cropping system utilizing all the effluents supplied and removing the hazardous 
material from the effluents tested and maximizing the crop net revenues. The results 
revealed that optimal crop composition contains alfalfa, wheat-corn, wheat grain, 
sorghum and cotton. The effect of long term wastewater irrigation on soil fertility and 
nutrient supply to alfalfa was also reported from Mexico by Siebe (1998). It was 
observed that Ca content decreased in tissue while P and Na was increased after 
several years of wastewater irrigation while in soil, wastewater improved the nutrient 
balance. 
Ebner el al. (1999) used treated sewage wastewater for irrigation of minneola 
tangelo and carnations. Treatment of tangelo with treated water resulted in the 
improved nutritional status of soil and foliage due to increase in nitrogen. This 
resulted in increase in budding and flowering. Irrigation of carnations with treated 
water was also beneficial. 
Sawarkar et al. (1995) at Jabalpur investigated the effect of sulphur rich oxalic 
acid industrial waste on yield and quality of mustard by giving 0-45 ppm P and 0-150 
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ppm S as oxalic acid industrial waste. Seed yield increased with increasing 
phosphorus rate and in case of S it was increased upto 100 ppm. Phosphorus 
application increased seed P and oil content while sulphur application increased seed 
S and available S in soil. In the same year, Umamashewara and Roa at Guntur, 
observed that sulphur and chlorophyll content in leaves were higher in plants treated 
with effluent of thermal power plant. 
Prashanthi and Jeevan (1998) at Hyderabad collected two effluent samples and 
two wastewater samples from Katledan industrial development area and conducted a 
bioassay test. They concluded that effluent and wastewater were unsuitable for 
irrigation without proper treatment. Prashanthi et al. (1999) again conducted a 
bioassay test of polluted well water and soils due to industrial effluents. The 
germination percentage and dry matter yield of various crops were reduced as 
compared to control. 
Irrigation with effluent from dairy reduced the gemiination percentage with 
increase in concentration. In addition reduction in dry matter and plant nutrients was 
also recorded by Srikantha et al. at Bangalore during the year 1998 while fertilizer 
factory effluent on some aquatic macrophytes was studied by Srivastava and Pandey 
(1999) at Faizabad. The total chlorophyll content and biomass of water hyacinth, 
water lettuce and water thyme were reduced significantly with the increa^'" in 
treatment duration from 7, 14 and 21 days of exposure to different concentrations c. 
effluent. 
Baumgartel and Fricke (2000) applied wastewater as fertilizer from starch 
factories in Germany. They observed the uptake of N and K by winter rape, green 
manures, cover and catch crops and recommended the use of wastewater. Influence of 
periodic watering with Chakia sugar mill effluent on polygenically controlled 
characteristics of barley was assessed by Kumar (2000) in Bihar. The results reflected 
the toxic effect on growth and yield attributes. From the same region, influence of 
industrial effluents of sugar factory, Chloro alkali factory and paper mill on 
degradation of chlorophyll in intact paddy leaves was studied by Balaram cl al. 
(2000). Sugar factory effluent was most effective in degradation of chlorophyll. 
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Mathusamy and Jayabalan at Tiruchirappalli in 2001 studied the effect of 
sago, and sugar factory effluent on cotton and also observed the physico-chemical 
properties of the effluents. Plants were irrigated with 0, 25, 50, 75 and 100% effluent 
of both factories. At 25% concentration of sugar factory there was stimulatory effect 
on biochemical contents while sago factory effluent at all the concentrations has 
inhibitory effect on all biochemical contents except proline, which increased with 
increasing concentration of the two effluents. 
Singh et al. (2001) at Arid Forest Research Institute studied the effect of 
textile industrial effluent on growth of forest trees and associated soil properties. 
Addition of wood ash along with industrial wastewater increased the growth of plants. 
Results revealed that except siris other species tested can be grown successfully under 
this wastewater. 
More recently, Khan et al. (2006) at Ghaziabad (U.P.) studied the 
ecotechnological reuse of distillery effluent as soil amendment and its bio-dynamic 
effect on growth and physiology of sugarcj"- ^ . They reported increase in germination 
percentage, number of nodes and mtemodes, girth, height, mellable cane per clump, 
chlorophyll content and yield over control. 
Mention may also be made of Chakarbarti and Chakarbarti (1987), Veer and 
Lata (1987), Kulkami (1988), Sahai and Srivastava (1988), Pathak et al. (1992), 
Gladis et al. (1996), Karpate and Choudhary (1997), Rajannan (1998), Ponmurgan 
and Jayascelan (1999), Dhafer et al. (2000), Kumar et al. (2000), Murillo et al. 
(2000), Reboll et al. (2000), Sundari and Kanakarni (2001), Black and Zimmerman 
(2002) and Akhtar (2006) for their studies on various crops like wheat, sugarcane, 
mustard, olive, citrus, cattail, amaranth, hemp, false rageweed, nutsedge, prostrate 
spurge while working on different industrial effluents and sewage water. In general, 
they were of the opinion that wastewater irrigation proved beneficial for crop growth 
and yield however in some cases negative responses was also reported specially when 
concentration was higher. 
2.3 Effect of heavy metals on plants 
Wastewater in addition to essential nutrients also contains wide range of heavy 
metals depending upon the nature of industries, which may be toxic for growth and 
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development of plants, if present above the tolerance limits. Some related and recent 
references of heavy metals present in wastewater either industrial or sewage are 
mentioned here. 
Truby and Raba (1990) at Freiburg (Germany) screened number of crops 
under sewage wastewater. They tested Chinese cabbages, lettuce, fodder beets, 
spinach, cabbage, carrots, potatoes, radish, beetroots, celery, onion, bush beans, 
strawberries, cucumber and tomatoes and noticed enrichment of heavy metals in soil 
and increased uptake of Zn, Cd and Pb by the plants. The results revealed that low 
levels of heavy metals were found in fruit vegetables and strawberries but in leafy and 
root vegetables Zn and Cd levels were generally high and nearly exceeded the 
permissible limits. 
Barman and Lai (1994) at Lucknow (UP) investigated the effect of heavy 
metal accumulation in field and their subsequent bioaccumulation in commonly 
grown 14 plant species under industrial effluents of Durgapur industrial belt which 
were thrown into Tamal Nallah along with storm water. Higher level of Zn, Cu, Cd 
and Pb was found and the bioaccumulation of metals also differed in different parts of 
sps. with higher levels in edible parts. In the same year, Watson et al. from Arizona 
(USA) identified suitable halophytes for irrigation with agricultural effluent derived 
from saline drainage water. Five perennial halophyte species were established with 
fresh water irrigated with saline drainage water, harvested four times during first 27 
month of growth and analysed for Se, B, S, Fe, Zn, Mn and Cu. It was observed that B 
and S were above and remaining elements were below the maximum tolerable levels. 
Different cultivars of five rabi crops wheat, gram, pea, mustard and barley 
were selected by Sharma and Habib (1995) at Bareilly. They observed different levels 
of Mg, Pb, Cr, and Zn in these crops and enhanced bioaccumulation and metabolites 
in component parts of gram under irrigation impact of rubber factory effluent. 
Concentration of Mg decreased in straw and dried hay of all the cultivars irrigated 
with effluent mixed water. Bioaccumulation of metals like Pb, Cr and Zn differed in 
cultivars. Percentage of Ca, K, PO4, total nitrogen, crude protein and ether extract was 
significantly lower in seeds of effluent treated plants. 
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Eid and Sherif (1996) at Cairo (Egypt) irrigated barely, broad beans and rape 
by raw wastewater mixed with fresh water in the ratio of 1:2, raw wastewater mixed 
with fresh water in the ratio of 1:6 and treated wastewater mixed with fresh water in 
the ratio of 1:6. The effect of irrigation was insignificant on Zn and Cu content of 
plants. However, the contents of P, N, Mn and Ni increased significantly with mixed 
wastewater compared to fresh water. The contents of Fe and Mn in straw were 
significantly greater than in seeds. In general, the concentration of heavy metals in 
plants was lower than the critical toxic levels. 
Fazeli et al. (1998) studied the effect of irrigation by the effluents released 
from a paper mill near Nanjangud, Mysore on soil and paddy crop. The concentration 
of heavy metal (except Zn) in the seeds was remarkably less than the roots and leaves. 
The heavy metal uptake by plants showed greater accumulation of Cu, Cr, Co and Pb 
in roots, Cd and Ni in leaves and Zn in seeds. 
El-Motaium and Badawy (2000) at Cairo (Egypt) studied the effect of 
irrigation using sewage water. The accumulation of Fe, Mn, Cu, Zn, Cd, Co, Ni, and 
Pb was less in cabbage roots than in the roots of orange. These metals contents in 
cabbage plant were highest in roots, followed by leaf and stem while in orange tree 
roots followed by leaves, finaits, peel and fmit pulp. 
In the same year Hayat et al. at Aligarh studied the impact of treated 
wastewater of Mathura refinery on growth and yield of mustard and on heavy metal 
accumulation in seed and oil. The crop irrigation with treated wastewater exhibited 
significantly better response in growth and yield. Accumulation of certain potentially 
toxic elements in the soil and selective bioaccumulation of certain heavy metals was 
also recorded in seeds of mustard. The effluent was also tested by Ahmad et al. 
(2003) on sugarcane. The crop responded better to treated effluent as compared to 
ground water. Soil accumulated the heavy metal like Cd, Ca, Cu, Ni, Pb, Zn and Mn 
and the plants receiving ti'eated water exhibited the presence of Ni, Pb, and Zn within 
the permissible limits. 
Six soil profiles, representing different period of sewage water utilization were 
used by Selem et al. (2000). The contents of micronutrient and heavy metal in sour 
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orange and orange plants increased with sewage water and concentration was higher 
in leaves than in peel and juice. 
Amado Alvarez and Ontz Franco (2001) at Ejido Favela, (Mexico) studied oat 
with wastewater from a lake under field conditions. The soil was analysed and 
nitrogen and phosphorus fertilizer were applied at different levels i.e. 0, 80, 160 and 
240kg N ha"' and 0, 40, 80 and 120kg P ha"' and potassium as 100kg K ha"' and a 
control plot. Soil, irrigation water and oats plant and were analysed for heavy metals 
and water quality. No heavy metal was present in oat plants irrigated with lake water. 
It was found that irrigation water, soil and grain were not contaminated with Pb, Cd, 
Ni, Co and Cr. 
Vazquez et al. (2001) in Hidalgo state (Mexico) investigated that by the 
application of sewage waters directly, for more than 100 years in crop cultivation, 
heavy metals were accumulated in soil as well as in plants of maize, wheat and 
lucerne. Samples of water, soil, foliar tissue and grains of maize and wheat were 
collected from seven different sites with variation in time of waste water use. The 
concentration of Cd in leaf and grain of wheat, decreased in four of the seven sites. 
While at five sites, Pb stayed in the wheat leaves but Ni was transferred to the grain at 
seven sites. 
Drashkov and Aleksandrova (2002) at Sofia (Bulgaria) in 3 years experiments 
determined the effect of irrigation on the quantity and quality of cabbage yield. The 
treatments were irrigation with wastewater and subsoil water. Subsoil water gave 
more percentage increase in yield than wastewater and heavy metals were below the 
permissible limits. During the same year, Erfani et al. (2002) studied the effect of 
treated municipal waste water on yield and chemical composition of lettuce and soil at 
Ferdowsi university of Mashhad. Five irrigation treatments were applied which varied 
in response. Plant tissue analysis showed an increase in N, P and K and heavy metal 
concentration in shoots and roots of lettuce. 
Charanworapan et al (2003) studied the effect of addition of Fe, Zn, Cu and 
Mn and dairy wastewater on the available trace elements contents and yield of rice 
treated with NPK fertilizer and grown with calcareous soil. Application of Fe 
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significantly increased the yield while dairy wastewater increased the available Fe and 
Mn contents. 
2.4 Effect of NPK fertilizer on lentil (Lens culinaris) 
Nitrogen, Phosphorus and Potassium (NPK) are the most important essential 
nmcro nulricnls required for the plant growth and productivity. The cITcct may be 
more pronounced in case of leguminous crops and in presence of specific Rhizobiiim 
strains, which acts synergistically with the proper N, P and K dosage. Extensive 
research has already been undertaken on NPK fertilizers alone or their interaction 
with rhizobium on lentil. However work on this crop under waste water application in 
presence of different doses of NPK was not sufficiently undertaken as reviewed in 
earUer pages. Therefore, some selected references where wastewater was not the part 
of study have been included here based only on NPK fertilizers and lentil.. 
Kumar et al. (1988) at Samastipur (Bihar) conducted an experiment in 
calcareous saline-alkali soil to evaluate the effectiveness of single or mixed culture 
inoculation of 4 strains of Rhizobium. They reported that RhizobiuniQY^ alone or in 
combination with either of the leguminosanim and 2 strains of Azotobactor 
chroocrcum two azotobacter significantly increased the total number of nodules and 
dry weight of nodules. Increase in straw and grain yield was also obtained from mixed 
inoculation. Yield and uptake parameters were positively and significantly correlated 
with total number and dry weight of nodules plant"'. At the same place, effect of 
co-inoculafion oi Azospirillum and Rhizobium strains on lenfil in calcareous soil was 
also studied by Yadav et al. (1992). They found that Rhizobium alone are in 
combination with Azospirillum increased the number and dry weight of nodules 
plant''. Prasad et al. (1995) at Pusa (Bihar) conducted a 4-year field experiment to 
study the effect of irrigation and phosphorus uptake of late sown lentil in calcareous 
soil. Maximum yield was reported with two irrigations. Among various levels of P, 
the yield increased only upto 12.9kg P ha"'. A significant increase in crop growth rate 
and total P uptake was recorded with 12.9kg P ha"' and two irrigations. 
In their study on phosphorus doses, Azad and Gill (1989) at three sites in 
district Gurdaspur (Punjab) observed more seed yield under 40kg P2O5 ha"'. The 
phosphorus fertilizer showed greater response in soil with low phosphorus status. 
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EfFect of phosphorus application along with Rhizobium cuhure was further studied by 
Azad et al. (1991). The grain yield increased significantly with P application 
irrespective of Rhizobium inoculation and the maximum yield was recorded with 60kg 
P2O5 ha"' with Rhizobium. Again in (1995) Azad et al. conducted an experiment to 
study the effect of phosphorus and potassium fertilizer on sandy loam soil of Punjab. 
Increase in P and K was responsible for increase in grain yield, thus 60kg P2O5 and 40 
K2O ha"' produced the maximum yield. 
Chandra (1991) at Bijnor (UP) conducted four year field experiments to study 
the influence of different levels of Rhizobium and phosphorus fertilization on 
nodulation, dry matter production and yield of lentil and observed that rhizobium 
inoculation increased the nodulation and shoot dry weight during first two seasons 
and yield in the following two seasons. P application at 40kg P2O5 ha"' during the first 
two years increased the grain yield. Singh et a/. (1991) at Palampur (HP) applied NPK 
to rainfed lentil and obtained maximum yield from 10kg N + 40kg P2O5 ha"' followed 
by 20kg N + 40kg P2O5 + 20kg K2O ha' and 10kg N + 20kg P2O5 ha"'. Effect of 
potassium levels (0, 9, 25, 18.5, 27. 75 and 37 ppm) on the yield contributing 
characters, yield and harvest index in soil of four agro climatic zones of Himachal 
Pradesh was studied by Singh and Sharma (1993). 27.75 ppm, K proved optimum 
dose in almost all soil types for yield attributes, yield and harvest index. Pandey and 
Singh (1991) at Faizabad (UP) observed the relationship between nitrite and nitrate 
reductases and grain yield in seven genotypes of lentil. They reported positive 
correlation between the enzymes with protein and seed yield. 
Rathore et al. (1992a) at Sehore (MP) noted that two irrigations one at 
branching and one at pod formation stage proved beneficial along with 40kg P2O5 ha"' 
and seed inoculation with phosphate solubilising organism {Bacillus megaterium) as it 
increased the seed yield. In 1992b, in continuation of their earlier study, they further 
Stated that increase in irrigation frequency enhanced the protein content of the grain 
and uptake of nitrogen and phosphorus. Application of 40kg P2O5 ha"' also increased 
the protein content an(J nitrogen uptake by grain and straw and total uptake (grain + 
straw). Phosphorus uptake by grain increased upto 60kg P2O5 ha"'. Protein content of 
grain, N and P uptake by grain and straw and total uptake also showed positive 
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response to seed inoculation. Again during the same year, Rathore et al. (1992c) 
further observed that one irrigation at branching gave more nodules plant", nodule 
dry weight plant"', bacterial count and leghaemoglobin content. Nodule dry weight, 
bacteria count and leghaemoglobin content were increased with 60kg P2O5 ha" while 
40kg P2O5 ha"' gave higher number of effective and total nodule number. These 
parameters were also favourably affected by inoculation with phosphate solubilizing 
organisms. 
Lentil gave significant response to nutrients and rhizobium inoculation under 
rainfed conditions in field experiments conducted by Sharma et al. (1992) at Sehore 
(MP). Application of 18kg N + 46kg P2O5 + 20kg K2O + 25kg ZnS04 ha"' gave 
higher yield than the treatments applied alone over control. From the same place, on 
the basis of three years field experiments, Sharma et al. (1993) concluded that 
application of 18kg N + 46kg P2O5 + 20kg K2O + 25kg ZnS04 ha"' significantly 
enhanced the yield attributes including the seed yield. They further observed that sole 
application of any of these nutrients or Rhizobium inoculation failed to improve seed 
yield over control. 
Gwal et al. (1995) also at Sehore studied the effect of different fertility levels 
under rainfed conditions. Yield and related characters increased by the application of 
18kg N + 46kg P2O5 + 20kg K2O + 20kg S ha' with inoculation. During the same 
year Jain et al. also conducted field experiment to evaluate the effectiveness of 
fertility levels on nodulation and nutrient uptake Rhizobial inoculation increased the 
total number and weight of nodules plant''. They also reported that nitrogen content in 
grain and over all plant and phosphorus content in plant was highest in 18kg N + 46kg 
P2O5 + 25kg ZnS04 + 20kg K2O ha"', while phosphorus content in grains was highest 
in 18kg N + 46kg P2O5 + 20kg K2O ha"'. Maximum potassium content in grain and 
plant was recorded under 20kg K2O ha"'. Response of lentil to Rhizobium inoculation 
was also studied by Namdeo et al. (1996) at the same place and out of the eight 
genotypes, JLS, JLS2 ad SLC-1 performed similarly giving more nodules and nodules 
dry weight plant"'. All genotypes responded significantly to rhizobium inoculation 
and increased the nodule number 3.8 to 4.5 fold, nodule dry weight by 2 to 2.2 fold 
and the yield increase was from 17.5 to 23.2^In 1997, again from Sehore, Jain and 
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Tiwari reported that higher number of plants, plant height, branches, pods, dry weight, 
seed plant"', seed weight, grain and straw yield was achieved under kimberlite at 2 
tonnes ha'' with phosphate solubilizing bacteria at 5g kg"' seed and 50% of the 
recommended dose of NPK fertilizer. 
Singh and Singh (1992) at Bahraich (UP) conducted a field experiment to 
evaluate the response of three lentil varieties to phosphorus. 40 and 60kg P2O5 ha' 
proved equally effective but were significantly better over 20kg P2O5 ha" and control 
in terms of grain yield, branches planf', pod plant"', 1000 grain weight and content as 
well as uptake of phosphorus. Singh et al. (1992) from Dholi (Bihar) reported that N 
@ 20kg ha'' + Rhizobium inoculation gave higher seed yield over 20kgNha"' or 
inoculation alone. Watt and Singh (1992) at New Delhi, laid out on experiment with 3 
seed rates, 2 row spacings and 3 levels of phosphorus on lentil var. 'L406'. Seed rate 
of 60kg ha"', row spacing of 20 cm and P @ 40kg P2O5 ha"' improved the branch 
number, grain number and yield attributes respectively. 
All growth attributes significantly increased by 20kg N and 50kg P2O5 ha"' 
under inoculated conditions. Yield, yield attributes and quality of lentil also exhibited 
similar trends, although N application did not have significant increase in grain yield 
(Kumar et al., 1993). At the same place (Hardwar U.P.), Kumar et al. (1995) also 
conducted an experiment with lentil var. 'T-36' grown on loamy soil with different 
levels of nitrogen and phosphorus under inoculated and uninoculated conditions. They 
reported that root length, number of nodules, fresh and dry weight of root plant"' 
increased with inoculation. Treatment 20kg N ha"' positively influenced these 
parameters and grain yield over control, while 50kg P2O5 was the best dose for root 
length and grain yield. 
In a two years field experiment, Dhingra et al. (1994) at Ludhiana (Punjab) 
studied the effect of dual inoculation in response to phosphorus levels. Rhizobium 
legumino.sarum increased the seed yield in both years. While vesicular arbuscular 
mycorrhiza {Glonus fasciculatum) alone or in combination with Rhizobium reduced 
the seed yield. Yield response to various phosphorus levels was low, which started 
from 0, 20, 40 and 60kg P2O5 ha"' and seed yield with the increase in phosphorus 
level at 60kg P2O5 ha'" was reduced. 
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In two field trails, Lai et al. (1994) at New Delhi, compared the effect of 
soil-moisture regime, kaolin spray and phosphorus fertilizer. The data revealed that 
irrigation either alone or coupled with 6% Kaolin spray increased the number and dry 
weight of nodule, 1* uptake, leaf area plant'' and relative water content of leaves. V 
uptake was highest with kaolin spray + 1 irrigation at 45 and 80 days after sowing 
respectively. In 1989, however, increase in kaolin spray frequency failed to improve 
nodulation, P uptake, leaf area plant"', relative water content of leaves and water use 
efficiency. In their opinion, increase in phosphorus dose from 40 to 80kg P2O5 ha" 
was not much effective. Also, at New Delhi, Shivakumar et al. (1995) conducted field 
experiment to study the effect of phosphorus, limited irrigation and sulphur. They 
reported that growth and yield traits varied between seasons in response to 
phosphorus, sulphur and irrigation. 
Fodder (1994) from Bangladesh in a pot experiment assessed the performance 
of single and mixed rhizobial inoculation on lentil. The assessment was undertaken 
after four weeks of emergence and 50% flowering stage. Mixed inoculation proved 
superior for nodule number, nodule weight, sun-dry weight of whole plant, shoot 
length and nitrogen content at both the stages. Rahman and Miah (1994) at Gazipur 
(Bangladesh) in a field experiment investigated the effect of NPK fertilizer and 
irrigation. Timely sowing without fertilizer but under irrigation and application of 20-
40-20 and 40-60-40kg ha"' of NPK without irrigation significantly increased the seed 
yield. Two irrigations with higher fertilizer doses reduced the yield and enhanced 
mortality rate. 
In field experiments conducted by Singh and Kumar (1996) at Faizabad (UP) 
effect of 0, 15, 30 and 45kg P2O5 ha"' and 0, 15 and 30kg S ha"' with basally applied 
20kg N ha"' and 20kg K2O ha"' was studied. They concluded that plant height and 
nodule plant"' increased with 45kg P2O5 ha"' while 30kg S ha"' increased the height 
and nodules during 1991-93. Pods plant"', 1000 seed weight, straw and grain yield and 
harvest index showed maximum response to 45kg P2O5 ha"' and 30kg S ha"' during 
the three years period. From the same place, in a field experiment, Tomar et al. (2000) 
reported that genotype Pant L-639 with seed rate of 60kg ha"' coupled with narrow 
25 
Review of Literature 
row spacing of 20 cm and 100kg of diammonium phosphate recorded higher seed 
yield, protein yield and phosphorus and nitrogen uptake. 
Krishnareddy and Ahlawat (1996) from Andhra Pradesh, in a field experiment 
concluded that application of 17.2kg P ha"' as single super phosphate and 5kg of Zn 
ha"' as zinc sulphate resulted in marked improvement in growth, yield attributes, grain 
yield and harvest index in comparison to 17.2kg P as rock phosphate with or without 
Zn. Combined inoculation of rhizobium and VAM fungi enhanced the growth and 
yield attributes, grain yield and harvest index than control in the two cultivars studied 
by them. 
In an experiment conducted on clay loam low land soil by Dwivedi et al. 
(1997) at Agwanpur (Bihar) concluded that with increasing fertility levels growth and 
development of lentil also increased as paira-cropping. Higher seed rate @ 40kg ha'' 
gave significantly higher yield than 30 and 35kg ha"'. Also in 1997, Mandal et al. at 
Mohanpur (WB) reported that inter cropping of Indian mustard [Brassica juncea (L) 
Czem and Coss.] + lentil + chickpea proved beneficial as it gave highest seed yield in 
Indian mustard and lentil with N, P and K as 80, 17.5 and 33.3kg ha"' from 2:2 and 
1:1 row ratio respectively. Effect of sulphur in association with potassium on yield 
and growth characters was studied by Singh (1998) at Gurgoan (Haryana). He applied 
various treatments of the two nutrients and reported that 20kg K2O ha"' and 40kg S 
ha"' significantly increased the seed, straw and biological yields. The number of seeds 
plant"', 100 seed weight and harvest index were also unchanged by these treatments. 
Kumar et al. (2001) at Agra (UP) conducted a field experiment to study the 
effect of inter-and sole cropping system on root growth, crop yield, protein and oil 
production. Indian mustard and safflower were intercropped with lentil in 3:1, 3:2, 
4:1, 4:2, 5:1 and 5:2 row ratios. The row ratio did not influence nodule number and 
dry weight of roots plant"'. The grain yield of lentil increased progressively with 
number of rows in intercropping system. Singh et al. (2001) at Varanasi (UP) studied 
the effect of integrated nutrient management of yield, nutrient uptake and changes in 
soil fertility under rice and lentil intercropping system. They reported that full 
recommended dcse of N and organic .sources applied cither alone or in combination 
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with prilled urea increased the grain yield and nutrient uptake of rice as well as of 
succeeding lentil crop. 
Hussain et al. (2002) at Faisalabad (Pakistan), in a field experiment evaluated 
the effect of phosphorus application @ 0, 25, 50 and 75kg ha"' on two local lentil 
cultivais. Phosphorus @ 75kg ha'" with Masoor-93 gave the maximum yield. 
Srinivasarao et al. (2003) assessed the potassium requirement of some pulse crops 
(chickpea, pigeonpea, pea, urdbean, mung bean, lentil etc.). Potassium supply 
enhanced the biological nitrogen fixation and protein content of pulse grains. In the 
same year, Turk et al. studied the sowing date (1 January, 15 January and 2 February), 
plant density (80, 100 and 120 plants m''^ ), phosphorus levels (0, 17.5, 35.0 and 
52.5kg P ha"') and ethephon application [1500 ppm ethephon (2-chloropthel 
phosphonic acid) applied 30 days after sowing]. They reported that highest yield was 
obtained for 1 January sowing with plant density upto 120 plant m"^  and phosphorus 
@ 52.5kg P ha"'. However, yield was not affected by ethephon application. In another 
study, application of 75kg P2O5 ha'' gave taller plants, higher number of pods and 
number of seeds plant'' in addition to 1000 seed weight, seed yield and harvest index 
as reported by Zafar et al. (2003). 
More recently, in 2005, studies were conducted by Gan et al. in Canada to 
study the response of lentil to microbial inoculation and low rates of fertilization in 
semiarid Canadian Prairies. Results revealed that N applied at the rate of 15kg ha"' 
increased seed yield by 15%, however, the phosphorus @ 15kg ha"' did not influence 
growth and seed yield. Inoculated lentil with Rhizobium increased seed yield by 45%, 
while soil inoculants increased lentil yield by 19% over seed applied inoculant. While 
P-solubilizing microbes P. billaii did not influence the plant growth or development 
nor it affected the seed yield. 
It may be concluded that studies on wastewater and lentil with special 
reference to water quality and microbiology were cited earlier, therefore, the present 
was undertaken after taking the overall picture of wastewater and lentil crop. 
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MATERIALS AND METHODS 
To achieve the aims and objectives mentioned in chapter 1, four pot 
experiments were conducted during the 'rabi' seasons of 2002-2005 in the net house 
of Environmental Plant Physiology, Botany Department, Aligarh Muslim University, 
Aligarh, (UP) India. The experiments were conducted to study the comparative effect 
of 100% city wastewater (100% WW), 50% city wastewater (50% WW) with ground 
water (GW) as control on lentil {Lens culinaris) cv. DLP-15. The crop was grown 
under different basal doses of nitrogen, phosphorus and potassium applied as 
inorganic fertilizer. 
3.1 Agro-climatic conditions of Aligarh 
Aligarh, has an area of about 5,024 sq kms, situated at 27°52'N latitude, 
78°5rE longitude and 187.45m above sea level. It is 135 km away from Delhi, the 
capital of India. Severe hot dry summers and intense cold winters prevail during the 
year. Thus, winter stretches from middle of October upto the end of March during 
which the rabi crops are commonly grown and harvested. A gradual decrease in the 
temperature starts from October and in December-January it commonly reaches as 
low as 2-3°. The summer extends from April to June. The average temperature in this 
period varies from 35°C to 45°C which goes even upto 46°C-47°C in the month of 
June. The mean annual rainfall remains about 750 mm which fall commonly from 
June to September with few winter showers (Fig. 1). 
3.2 Cultural practices 
3.2.1 Pot preparation 
The pot experiments were laid out according to randomized complete block 
design. Before the start of each experiment, earthen pots of 10 inches diameter were 
filled with soil thoroughly mixed with farmyard manure in 3:1 ratio making a total of 
5kg pot'' to maintain the soil fertility. Before sowing light application of ground 
water, tap water without any treatment, was given in each pot to provide necessary 
moisture for germination. Basal NPK doses were applied, one day before sowing to 
avoid seed injury due to fertilizer contact, according to the scheme of treatments for 
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Materials and Methods 
each experiment (Tables 1-2) calculated on the basis that 1 hectare land contains 
2x1 O^g effective soil (Singh, 1981). The sources of NPK were urea, single super 
phosphate and muriate of potash respectively. 
3.2.2 Seed treatment and sowing 
Authentic seeds and Rhizobium culture were obtained from Indian Agriculture 
Research Institute (lARI), New Delhi. Healthy seeds were surface sterilized with 
absolute alcohol and dried in shade before applying the inoculum according to the 
method of Subba Row (1972). For this purpose, 200g colourless gum Arabic (coating 
material) and 50g sugar were dissolved in 500 ml warm water. The solution was 
allowed to cool and lOOg Rhizobium culture was added and mixed well. Seeds were 
mixed with inoculum untill they were evenly covered by the inoculum mixture. These 
inoculated seeds were allowed to dry in shade. Seeds were sown at the rate of ten per 
pot to avoid germination failure and after establishment of seedlings, thinning was 
done to retain only one healthy looking plant of nearly equal size in each pot. 15 pots 
for each treatment were maintained to get three replications for three samplings at 
vegetative, flowering and fruiting stages and remaining six pots were retained for the 
study of yield at harvest. Crop was watered on alternate day uniformly (^ of 250 ml 
per pot in the morning. Pods were plucked by hand when matured and plants were 
harvested by cutting at the base and were thrashed manually after taking yield 
parameters. Seeds were cleaned and collected separately from each plant for seed 
yield and quality. 
3.3 Experiments 
Following four pot experiments were conducted on lentil (Lens culinaris) 
according to the standard agricultural practices. 
3.3.1 Experiment -I 
It was conducted to compare the effect of 100% (raw wastewater) and 50% 
wastewater (mixed with ground water in equal quantity in 1:1 ratio), with ground 
water (GW) in the presence of biofertilizer (Rhizobium culture) and different doses of 
nitrogen. In this experiment, four doses 0, 10, 20 and 40kg N ha"' with uniform basal 
doses of 20kg P ha"' and 20kg K ha'' were applied (Table 1). Sowing was done on 2"'' 
November, 2002 and the crop was harvested on 20"' March, 2003. One set was 
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Table 1. Scheme of Treatments for Experiments I and II. 
Experiment -I 
N treatments 
(KgNha') 
GW 
Irrigation water 
50%WW 100% WW 
Remarks 
(mg N kg"' soil) 
No + + No fertilizer 
N 10 + 
N20 + + + 10 
N40 + + 20 
A uniform basal dose of 20 kg each of P and K ha"' was applied one day before 
sowing. 
Experiment -II 
P treatments 
(KgPha"') 
GW 
Irrigation water 
50%WW 100%WW 
Remarks 
(mg P kg"' soil) 
Po + + + No fertilizer 
'10 + + + 
P20 + 10 
P40 + + 20 
A uniform basal dose of 20 kg each of N and K ha'' was applied one day before 
sowing, 
calculated on the basis thai one hectare land contains 2x10'' kg orfcclive soil. 
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maintained as control of wastewater and fertilizer. Sampling was done at three growth 
stages namely, vegetative, flowering and fruiting. Weeding of the pots was also 
undertaken whenever necessary. At each sampling three pots were taken randomly 
from the net house and brought in the laboratory for observations. 
3.3.2 Experiment -II 
This experiment was conducted along with Experiment I, on the same crop 
and same variety, with four doses of phosphorus 0, 10, 20 and 40kg P ha' and 
uniform basal doses of 20kg N ha'' and 20kg K ha"' which was also applied one day 
before the sowing (Table 1). The crop was watered with 100% WW, 50% WW and 
GW as mentioned earlier. Sowing was done on 3"^ November 2002 and harvesting on 
22"'' March 2003. Sampling methods and cultural practices remained the same as 
undertaken in Experiment I. 
3.3.3 Experiment -III 
Experiment III was conducted during the rabi season of 2003-2004 again to 
study the effect of 100% WW, 50% WW and GW alongwith four doses of potassium 
0, 15, 30 and 45kg K ha'' (Table 2). Optimum doses of nitrogen and phosphorus 
obtained in experiments I and II @ of 10kg N ha'' and 20kg P ha"' respectively were 
given one day before sowing. The experiment was carried out on the same crop and 
variety. The sowing was done on l" November, 2003 and harvested on 20"' March, 
2004. The agricultural practices were adopted as in earlier two experiments. 
3.3.4 Experiment -IV 
It was conducted in 2004-2005 on the same Lens culinaris cv. ULP-15. The 
experiment was carried out to established the optimum fertilizer combination of NPK 
together keeping the same water treatments i.e. 100% WW, 50% WW and GW. Thus, 
the optimum doses of fertilizers obtained in earlier three experiments were applied as 
10kg N ha"', 20kg P ha"' and 30kg K ha"' (Table 2). To observe the feasibility of 
fertilizer saving due to wastewater and presences of some nutrients especially the 
NPK in it, in other treatment half of the optimum dose (5kg N ha'', 10kg P ha"' and 
15kg K ha'') was also applied basally. One set was maintained as control with no 
fertilizer. Each treatment had three replicates. The crop was sown on 1^ ' November, 
30 
Table 2. Scheme of Treatments for Experiments III and IV. 
Experiment -HI 
K treatments 
(KgKha ' ) 
GW 
Irrigation water 
50% WW 100%WW 
Remark 
(mg K kg"' soil) 
Ko + + No fertilizer 
K 15 + + + 7.5 
K 30 + + + 15.0 
K45 + + + 22.5 
A uniform basal dose of 10 kg N and 20 kg P ha" was applied one day before sowing. 
Experiment -IV 
Treatments 
(KgNPK 
ha"^ ) 
Irrigation water 
GW 50%WW 100% WW 
Remark 
(mg NPK kg"' soil) 
Control + + + No fertilizer 
NsPioKis + + + (2.5, 5, 7.5) 
N10P20K30 + + + (5, 10,15) 
Strater dose in Experiments III and IV were the optimum doses obtained in 
Experiments 1 and II. 
'calculated on the basis that one hectare land contains 2x1^ kg effective soil. 
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2004 and harvested on 19"' March, 2005. The process of experimentation remained 
the same. 
3.4 Statistical anlaysis 
The data obtained were analysed statistically taking into consideration the 
variables in each experiment according to Panse and Sukhatme (1985). The 'F' test 
was applied to assess the significance of data at 5% level of probability (P<0.05). The 
error due to repUcation was also determined. The model of analysis of variance 
(ANOVA) is given. Critical difference (CD) was calculated to compare the mean 
values of various treatments (Table 3). Correlation coefficient values (r) were also 
obtained with some growth and yield parameters and seed yield. 
3.5 Soil analysis 
The small soil samples collected from each pot were mixed thoroughly for 
obtaining a composite sample. Small quantity of this soil was taken, oven dried and 
grinded by means of a mortar and pestle and then passed through a 2 mm sieve for 
determining the following properties (Table 4). 
Texture 
Soil texture was determined by field method. For this soil was rubbed between 
the thumb and the fingers. Soil was moderately gritty form fairly firm ball which was 
easily broken and strained the fingers indicating it as sandy loam soil. 
Cation exchange capacity (CEC) 
CEC was determined by the method of Gangul y (1951). To 10 g of soil, 0.2N 
HCl was added. It was shaken for 30 min and washed with DDW till it became free 
from chloride ions, which was checked with AgNOa. The residue was transferred 
from the filter paper to a beaker and a suspension of known concentration was 
prepared. It was than titrated with 10 ml standard KCl solution, shaken for 30 min and 
left overnight. It was titrated with O.IN NaOH using phenolphthalein (Appendix, iii) 
as an indicator. From the amount of NaOH required, the CEC of soil sample was 
calculated as follows. 
Volume of 0.1 NaOH x N of NaOH CEC(meqsoill00g') = -
Weight of the soil sample 
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Table 3. Model of analysis of variance (ANOVA) of Experiment I and IV 
(Experimental design; randomized complete block design) 
Source of variation df S^ MSS F. value Sig^ 
Replication 
Water 
Nitrogen 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
Table 3. Model of analysis of variance (ANOVA) of Experiment II (Experimental 
design; randomized complete block design) 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
Phosphorus 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
Table 3. Model of analysis of variance (ANOVA) of Experiment III (Experimental 
design; randomized complete block design) 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
Potassium 
Interaction 
Error 
Total 
2 
2 
3 
6 
22 
35 
Table 3. Model of analysis of variance (ANOVA) of Experiment IV (Experimental 
design; randomized complete block design) 
Source of variation df SS MSS F. value Sig. 
Replication 
Water 
Fertilizer 
Interaction 
Error 
Total 
2 
2 
2 
4 
16 
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Soil pH 
Soil pH was estimated in fresh sample with the help of pH meter. To lOg soil, 
50 ml double distilled water (DDW) was added and shaken thoroughly. After a lapse 
of 30 minutes, the pH meter was calibrated with a standard buffer of known pH 
(Jackson, 1973). 
Organic carbon 
It was estimated according to the method given by Walkley and Black (1934). 
2g of soil was taken in a 500 ml conical flask. To this 10 ml of IN potassium 
dichromate solution (Appendix, iv) and 20 ml concentrated sulphuric acid was added. 
After shaking for about 2 min, it was kept on an asbestos mat for 30 min for the 
mixture to react. 200 ml of DDW, 10 ml of orthophosphoric acid (85%) and 1 ml of 
diphenyl amine indicator (Appendix, ii) was added. A deep violet colour was 
developed which was titrated against 0.5 N ferrous ammonium sulphate solution till 
the colour changed to purple and finally green. Simultaneously a blank was run 
without soil sample. Percentage of organic carbon was calculated as 
„, - • , blank titre - actual titre „ ^„^ ,^„ „, 
% of organic carbon = x 0.003 x 100 x N 
weight of soil 
where, N = normality of ferrous ammonium sulphate 
Nitrate nitrogen 
It was estimated according to the method of Ghosh et al. (1983). 20g soil was 
shaken continuously with 50 ml DDW for 1 h in a 100 ml conical flask fitted with 
rubber stopper. A pinch of CaS04 was added and shaken. Then the contents were 
filtered through Whatman filter paper No. 1. 20 ml of the clear filtrate was transferred 
to a 50 ml porcelain dish and was evaporated to dryness on a steam bath. After 
cooling, 3 ml phenol disulphonic acid (Appendix, iii) was added and allowed to reacts 
for 10 about min. 15 ml DDW was added and stirred with glass rod until the residue 
was dissolved. After cooling, the contents were washed down into 100 ml volumetric 
flask. To this 1:1 liquid ammonia (Appendix, iii) was added slowly and mixed well, 
till the soluUon become alkaline which was indicated by the appearance of yellow 
colour due to the presence of nitrate. Then, another 2 ml of ammonia was added and 
finally the volume was made up to 100 ml with DDW. The intensity of the yellow 
colour was read at 410 nm with spectrophotometer. 
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For standard curve, stock solution containing 100 ppm nitrate was prepared by 
dissolving 0.722g potassium nitrate in DDW and the volume was made up to 1 litre. 
This was diluted ten times to obtain 10 ppm NO3-N solution. Aliquots (2, 5, 10, 15, 
20, and 25 ml) were evaporated on water bath to dryness in small porcelain dishes. 
After cooling, 3 ml phenol disulphonic acid was added and yellow colour was read as 
described above. Simultaneously, a blank was also run. 
Phosphorus 
To 2.5g soil in 100 ml conical flask, a pinch of Draco Gto was added followed 
by 50 ml of Olsen's reagent (Appendix, iii). The flask was shaken for about 30 min on 
a shaker and then the contents were filtered through a Whatman filter paper. No 1. In 
the filtrate, phosphorus was estimated through spectrophotometer by Dickman and 
Bray's (1940) method. 
5 ml of soil extract was pipetted into a 25 ml volumetric flask and 5 ml of 
Dickman and Bray's reagent (Appendix, i ) was poured drop by drop with constant 
shaking till the effervescence due to CO2 evolution ceased. The inner wall of the flask 
neck was washed with DDW and the contents diluted to about 22 ml. Then 1 ml 
stannous chloride solution (Appendix,\v) was added and the volume was made utpo 
the mark. The intensity of blue colour was read at 660 nm on spectrophotometer. For 
the standard curve, 0.439g potassium dihydrogen orthophosphate (KH2PO4) was 
dissolved in half litre of DDW. To this, 25 ml 7N sulphuric acid (Appendix, v) was 
added, the volume was made upto 1 litre with DDW, giving 100 ppm stock solution 
of phosphorus. From this, 2 ppm solution was made after 50 times dilution. For the 
preparation of the standard curve, different concentrations of P (1, 2, 3, 4, 5 and 10 ml 
of 2 ppm phosphorus solution) were taken in 25 ml volumetric flask. To these, 5 ml of 
extracting reagent (Olsen's reagent) was added. The colour was developed by adding 
Dickman and Bray's reagent and stannous chloride and read at 660 nm. A blank was 
run without the sample. The curve was plotted and the amount of P was calculated 
from the curve. 
Potassium 
5g soil was shaken with 25 ml IN ammonium acetate (Appendix, i) for 5 min 
and was filtered immediately through a Whatman filter paper No.l. Stock solution ol" 
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1000 ppm K was prepared by dissolving 1.908g KCl in 1 litre DDW. From the stock 
solution aliquots were diluted in 50 ml volumetric flask with ammonium acetate 
solution to give 10 to 40 ppm of K. These were read with the help of flame 
photometer after setting zero for the blank at 100 for 40 ppm of K. The curve was 
obtained by plotting the readings against the different concentration (10, 15, 20, 25, 
30, 35 and 40 ppm) of K. 
Preparation of soil extract for calcium, magnesium, chloride, carbonate-
bicarbonate and sulphate. 
100 g sample transferred to 750 ml flask, to which 500 ml DDW was added 
and the llask was shaken lor about 1 h. The contents were filtered through Buchiicr 
funnel. 
Calcium 
It was estimated according to the method of Chopra and Kanwar (1982). To 25 
ml extract, 2-3 crystals of carbamate and 5 ml of 16% NaOH solution were added. 
Then it was titrated with 0.0 IM EDTA (Appendix, ii) using murexide indicator 
(Appendix, iii) till the colour changed from orange red to purple. 
Magnesium 
To 25 ml sample extract, 5 ml ammonium chloride-ammonium hydroxide 
buffer (Appendix, i) was added, followed by titration with 0.0 IM. EDTA, using 
Eriochrome black-T (Appendix, ii) as an indicator, The colour changed from green to 
wine red (Chopra and Kanwar, 1982). 
Chloride 
50 ml sample extract was taken in a flask and 2 ml of 5% K2Cr04 indicator 
(Appendix, iv) was added. It was titrated against 0.02 N silver nitrate solution 
(Appendix, iv) and calculated as follows. 
^u, -J / .-ix (mlX N)of AgNo,x 1000x35.5 Chloride (mgl ) = — 
ml sample 
Carbonate and bicarbonate 
Estimation was done following the method of Richards (1954). 50 ml soil 
extract was taken in a flask. To this, 5 drops of phenolphthalein indicator was added. 
The appearance of pink colour indicated the presence of carbonates. U was llieu 
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titrated against 0.0IN sulphuric acid till the solution became colourless. To the 
colourless solution from above titration, 2 drops of 0.05% methyl orange indicator 
(Appendix, ii ) was added. It was then titrated against 0.01 N siilplniric acid till the 
colour changed from yellow to rose red. This indicated the presence of bicarbonate in 
the sample. 
a) carbonate (meq 1'') = 2Y x normality of H2SO4 x 
ml aliquot 
= 2Yx2 
b) bicarbonate (meq 1"') = (Z - 2Y) x normality of H2SO4 x 
ml aliquot 
= (Z - 2Y) X 2 
where, Y = reading of burette for the titration of carbonate. 
Z == reading of burette for the titration of bicarbonate 
Sodium 
The determination of sodium was carried out directly IVom the soil extract 
(1:5; soil : water) with the help of llame photometer. Standard curve was prepared by 
taking 5.845g NaC 1 dissolved in DDW and the volume was made upto 1 litre which 
gave 100 milli equivalent litre'' of Na. From this stock solution, dilutions containing 
5, 10, 15, 20, 25, 30, 35, 45 and 50 meq Na litre"' were prepared. The curve was 
drawn by plotting the flame photometer readings on the Y-axis against concentrations 
of Na on X-axis. Na in the unknown sample was read from curve. 
Sulphate 
To 50 ml sample extract, 2.5 ml conditioning reagent (Appendix, i) was added. 
It was then stirred on a shaker and during shaking small quantity of barium chloride 
was added. It was then read with the help of nephelometer. 
_^ ^ ,.,. mgSO, xlOOO 
S04(mgl ) = —^—; 
ml sample 
3.6 Water analysis 
City wastewater comprising of mixture of domestic, sewage and industrial 
discharge was tested twice during the growing season collected from a drain running 
along the Aligarh-Mathura road at a distance of about 4 km from the city, where 
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commonly vegetables along with other crops are grown (Fig. 2). The waste water was 
collected in 50 litres jerry canes for pot experiments. For water analysis, sample 
bottles were carefully cleaned before use with chromic acid cleaning mixture. Later 
the bottles were rinsed thoroughly with tap water and then with distilled water. 4 litres 
of wastewater sample was taken for analysis. Prior to filling the sample bottles were 
again rinsed with city wastewater to be collected. The source of groundwater was tap 
water while 50% cily wastewater was obtained by mixing 100% city wastewater 
(100% WW) and ground water (GW) in the ratio of 1:1. 
Samples of irrigation water were analyzed in accordance with the irrigation 
water quality criteria (Table 5). 
Colour 
Colour in water may be due to the presence of fine particles in suspension or 
due to certain mineral matter in addition to sewage and city waste. 
Odour 
This may result due to the presence of one or more factors like micro-
organisms either dead or alive, sewage water, dissolved gasses and mineral 
substances. 
PH 
It was determined with the help of pH meter. The pH meter was adjusted 
before use with standard buffer of known pH. 
Electrical conductivity (EC) 
It was directly read with the help of conductivity meter by putting the sample 
in a beaker. The apparatus was adjusted to 25''C of the solution. 
Total dissolved solids (TDS) 
100 ml filtered sample was taken in an evaporating dish and allowed to 
evaporate on a water bath. 
V 
where, A = Final weight of the dish 
B = Initial weight of the dish 
V = Volume of the sample taken 
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Total solids (TS) 
100 ml unfiltered sample was taken on evaporating dish and was allowed to 
evaporate on water bath. 
,. A-BxlOOO Total solids (gr') = 
V 
where, A = Final weight of the dish 
B = Initial weight of the dish 
V - Volume of the sample taken 
Total suspended solids (TSS) 
These were determined by calculating the difference between the total solids 
and total dissolved solids. 
TSS(gr') = TS- TDS 
Dissolved oxygen (DO) & Biological oxygen demand (BOD) 
Different volumes of the samples were placed in BOD bottles (250 ml) to get 
several dilutions of the samples to obtain required depletions ranging between 0.1 and 
1.0%. These bottles were filled with DDW, stoppered and one set of bottles was 
incubated for 5 days in an incubator maintained at 20''C and in other set, dissolved 
oxygen (DO) was determined immediately by adding 2ml manganous sulphate 
solution (Appendix, iii), followed by 2 ml alkali iodide azidc reagent (Appendix, i) by 
means of graduated pipette by dipping its end well below the surface of the liquid. 
The BOD bottles were allowed to stand till the precipitate settled half way, leaving 
clear supernatant above the manganese hydroxide flakes. The stopper was removed 
and 2 ml H2SO4 was immediately added. Each bottle was restoppered and the contents 
were mixed by gentle inversion until dissolution was complete. 200 ml sample was 
taken in 500 ml conical flask, then 2 ml starch indicator (Appendix, iv) was added and 
titrated against 0.025N sodium thiosulphate solution (Appendix, iv) till the 
disappearance of the blue colour. The reading of the sodium thiosulphate used up was 
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Fig. 2(a) Drain showing the pumping of wastewater at farmer's field out side 
the city of Aligarh from where the wastewater was collected 
Fig. 2(b) Another view of wastewater pumping at farmer's field of cabbage 
from where the wastewater was collected 
Materials and Methods 
indicative of DO of the sample in mgi'' BOD was calculated using the following 
relationship 
where, Di and D2 are the DO of the diluted samples, 15 min after the preparation of 
the sample and after 5 days of incubation respectively and P is the decimal fraction of 
the sample used. 
Chemical oxygen demand (COD) 
0.4g mercuric sulphate was placed in a refluxing flask and 20 ml sample was 
added. Both were mixed well and 10 ml 0.25N potassium dichromate solution was 
added followed by 30 ml sulphuric acid and small amount of silver sulphate. A blank 
was also run using DDW. These were subjected to reflux for 2 h, cooled and then 
diluted to 100 ml DDW. The contents were titrated against O.IN ferrous ammonium 
sulphate solution (Appendix, ii). 
COD ( m g l - . ) , ^ ! ! . - N X 8.000 
ml sample 
where, A = ml feiTous ammonium sulphate used for blank titration. 
B = ml ferrous ammonium sulphate used for sample titration. 
N = nonnality of ferrous ammonium sulphate solution. 
Calcium 
50 ml sample was taken in a conical tlask and neutralized with acid. It was 
boiled for 1 min and then cooled. 2 ml IN sodium hydroxide solution (Appendix, iv) 
was added to maintain the pH at 12-13. After the addition of 1-2 drops of ammonium 
purpurate indicator (Appendix, i) it was titrated slowly with 0.01 M. EDTA and 
calculated as 
^ , ,.,, AxBx400.8 
Ca(mgr) = -~ 
ml sample 
where, A = ml titration for sample 
B = mg CaCOs equivalent to 1.0ml EDTA titrant at calcium 
indicator end point 
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Table 6a: Heavy Metal contents in soil (Ail determinations in M-g^ ) 
Cadmium 
Chromium 
Nickel 
Lead 
Experiments I &II 
.23 
.053 
.81 
.75 
Experiment III 
.27 
.051 
.79 
.78 
Experiment VI 
.24 
.056 
.83 
.79 
Table 6b: Heavy Metal contents in wastewater (All determinations inrngr') 
Cadmium 
Chromium 
Nickel 
Lead 
Experiments I «fell 
.006 
.004 
.491 
.031 
Experiment III 
.005 
.043 
.496 
.035 
Experiment VI 
.006 
.041 
.480 
.029 
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Total hardness 
50 ml sample was taken in a conical flask and 1 ml ammonium chloride-
ammonium hydroxide buffer solution was added. After the addition of 100 mg 
Erichrome black T indicator, it was titrated against 0.01 M, EDTA solution. 
Hardnessasmgl • CaCO. = " " ^ " ^ ^ " - '^" ' "" -g 
ml sample 
Magnesium 
It was estimated from EDTA and hardness titration (taken from total hardness 
estimation). 
Mg (mgl"') = Total hardness - Calcium hardness x 0.244 
(asmgCaCosf') (as mgCaCosl"') 
Potassium 
The estimation of potassium was carried out directly with flame photometer at 
768 nm using appropriate filter and a standard curve by taking concentrations of 
potassium. A stock solution of 1000 ppm K was prepared by dissolving 1.908 KCl in 
1 litre DDW. From the stock solution aliquots were diluted in 50 ml volumetric flasks 
with ammonium acetate solution to give 10 to 40 ppm of K. These were read with the 
help of flame photometer after setting zero for the blank at 100 for 40 ppm K. The 
curve was obtained by plotting the readings against the different concentrations (10, 
15,20, 25, 30, 35 and 40 ppm) of K. 
Sodium 
It was also estimated flame photometrically at 589 nm using the specified 
filter and standard curve by taking known concentration of sodium salt. For standard 
curve 5.845g sodium chloride was dissolved in DDW and the volume was maintained 
at 1 litre. This gave 100 meq 1"' of Na. From this stock solufion, dilutions containing 
5, 10, 15, 20 25, 30, 35, 40, 45 and 50 meq Na I"' were prepared. A curve was drawn 
by plotting the flame photometer readings on Y-axis against concentration of sodium 
on X-axis. The concentration of sodium in the unknown sample was read from the 
curve. 
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Carbonate and bicarbonate 
Estimation was done-following the method of Richards (1954). 50 ml sample 
was taken in a clear llask. To this, 5 drops of phenolphthalein indicator were added. 
The appearance of pink colour indicated the presence of carbonate. Then, it was 
titrated against O.OIN sulphuric acid till the solution turned colourless. To the above 
solution, drops of methyl orange indicator were added. It was again titrated against 
O.OIN H2SO4 till the colour changed from yellow to rose red which indicated the 
bicarbonate presence. 
a) carbonate (meq 1'') = 2Y x normality of H2SO4 
ml aliquot 
= 2Yx2 
,.,, _ ^_. ... 1000 b) bicarbonate (meq T ) = (Z - 2Y) x normality of H2SO4 x 
ml aliquot 
where, Y = reading of burette for the titration of carbonate 
Z = reading of burette for the titration of bicarbonate 
Chloride 
50 ml sample was taken in a flask and 2 ml potassium chromate indicator was 
added. It was titrated against 0.02N silver nitrate solution. 
Chloride (mgr') = .,, (ml X N) of AgNOjX 1000x35.5 
ml sample 
Phosphate 
To 100 ml sample containing not more than 0.2 mg phosphorus and free from 
colour and turbidity, 0.05 ml phenolphthalein indicator was added. Sample turned 
pink, strong sulphuric acid solution (Appendix, v) was added drop-wise to discharge 
the colour. Smaller sample was taken and diluted to 1000 ml with DDW. After 
discharge of pink colour with acid, 4 ml of 2.5% ammonium molybdate reagent 
(Appendix, i) was added. After 10 min the colour was measured with the help of 
spectrophotometer at 690 nm and comparison with the calibration curve was made, 
using DDW blank. 
mgPxlOOO P(mgr') = 
mg sample 
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Nitrate nitrogen 
First nitrate standard was prepared in the range of 0.1 to 1.0 mgl' N by 
diluting 1, 2, 4, 7 and 10 ml standard nitrate solution to 10 ml with DDW. Residual 
chlorine in the sample was removed by adding 1 drop sodium arscnitc solution for 
each 0.10 mg CI and mixed. One drop was added in excess to 50 ml portion. For 
colour development, number of reaction tubes were set in a wire rack. To each tube 
10 ml sample was added. The rack was placed in cool water bath and 2 ml NaCl 
solution was mixed well. Then 10 ml H2SO4 was added and cooled. 0.5 ml sulphanilic 
acid (Appendix, v) was added and the tubes swirled to mix and then placed in water 
bath at not less than 95°C. After 20 min, it was taken out and cooled in a cold water 
bath. Reading was taken against a reagent blank at 410 nm. Standard curve was 
prepared from the absorbance values of the standard run together with the samples 
and correlated by subtracting their 'sample blank' values from their final absorbance 
values. The concentration of NO3-N was read directly from the standard curve. 
Ammonia nitrogen 
For the estimation of ammonia nitrogen, first preliminary distillation was 
performed. 500 ml ammonia free water was added to 20 ml borate buffer and the pH 
was adjusted to 9.5 witJi 6N sodium hydroxide solution. A few glass beads were 
added and the mixture was used to steam out the distillation apparatus untill the 
distillate showed no traces of ammonia. For ammonia nitrogen content of less than 
lOOngl'', volume of 4 litres was used. Residual chlorine was removed in the sample 
by adding dechlorinating agent, 25 ml borate buffer was added and the pH was 
adjusted to 9.5 with 6N NaOH, using pH meter. Distillation of sample was done. The 
steaming out flask was disconnected and the sample was immediately transferred to 
the distillation apparatus. It was distilled at the rate of 6 to 10 ml min'' with the tip of 
delivering tube submerged. The distillate was collected in 500 ml flask, containing 50 
ml boric acid solution. At least, 300 ml distillate was collected. It was diluted to 500 
ml with ammonia free water. 100 ml sample was taken in 500 ml Kjeklhal flask with 
ammonia free distilled water and diluted to 250 ml. Again, it wus distilled as before 
with few pieces of paraffin added to the distillation flask and 100 ml distillate was 
collected. Ammonia in the distillate was titrated against standard 0.02N il^SO.i titrant 
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until the indicator turned a pale lavender. A blank was run through all the steps of the 
procedure. 
Ammonia N (mg 1 ) = , , (A-B)x280 
ml of sample 
where, A = ml H2SO4 titration of per sample 
B = ml H2SO4 titration for blank. 
Sulphate 
In a conical flask 100 ml sample was taken and 5 ml conditioning reagent was 
mixed. The contents of the flask were stirred for one min on magnetic stirrer and 
small amount of barium chloride was added during stirring. It was then read at 420 
nm with the help of spectrophotometer. Standard sulphate solution was prepared by 
dissolving 0.1479g sodium sulphate in DDW, making the volume 1 litre. From this 0-
40 mgl'' dilutions were prepared at the interval of 5 mg"'. A standard curve was 
prepared by plotting the readings for each duration using spectrophotometer. 
3.7 Microbiological Examination of Wastewater 
The standard of wastewater used for crop irrigation was assessed (Table 7) as 
per the quality guideline of WHO (1989) and FAO (1994). The parameters like total 
bacterial viable count, coliforms, faecal coliforms and presence of Shigella and 
Salmonella were analysed using standard most probable number (MPN) and or plate 
count methods as described by APHA (1998) and Cappucino and Sherman (1992). 
Most Probable Number (MPN) 
It is used to determine the mean concentration of coliform bacteria present in 
wastewater. For its estimation, samples were collected in sterile bottles, and diluted to 
100 fold or as required in NSS. Then 3 series of Mac Conkey's broth tubes were 
made, first row with 5 tubes containing 10 ml double strength Mac Conkey's broth, 
second and third row with 5 tubes each containing single strength broth. Each tube 
should have one Durham's tube. Now 3 series were made for EC broth each row 
containing 5 tubes, each containing 5 ml of EC broth. Now 10 ml of diluted sample 
was inoculated in the first two lubes, 1 ml in second row tubes and 0.1 ml in third row 
tubes of Mac Conkey's broth. All the tubes were then incubated for 48 hrs at 37"C, 
then Mac Conkey's tubes were observed for gas production and total number of lubes 
for production was counted then EC broth tube was inoculated with 0.1 ml from 
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Materials and Methods 
positive tube of MacConkey was inoculated showing gas production. Tlien these tubes 
were incubated at 44.2°C in shaker incubation for 24 hours and the number of tubes 
for gas production was counted. 
Plate Count Method 
It is used to estimate the number of heterotrophic bacteria in water. Single 
colony is supposed to arise from single cell. However, it may arise from more than 
one cell. Therefore, instead of cell number, the term "Colony Forming Units" (CFU) 
are used to indicate bacterial viable count. 10 ml wastewater was mixed with 90ml 
sterie normal saline solution. From this 1ml was taken and serially diluted in 9ml of 
sterie NSS. 0.1ml sample was taken from the serially diluted tubes and spread on the 
above mentioned media, these plates were the incubated for 24-48 hours at 37°C 
(Cappucino and Sherman, 1992). 
The colonies were counted as 
CFU (colony forming unit)/ml 
_^-, ,.1 r. . Number of Colonies 
CFU ml of water = 
Dilution factor 
Mean value of at least three samples indicated the most probable number of coliform 
2.3x10' 100 ml'' of wastewater. Similarly, faecal coliform level was 9.9x10^ lOOml"'. 
The above level of bacterial contamination is lower with the microbiology quality 
guideline of WHO (1989). Presence of Salmonella and Shigella like organisms on 
specific medium indicated the presence and survival of potentially pathogenic 
bacteria. Although no guideline is available for such bacteria for irrigation purpose. 
Thus on the basis of microbiological quality assessment of wastewater and 
considering the present guideline of WHO it may be concluded that: 
\. The wastewater requires treatment to meet the quality guideline to be used for 
crops to be eaten uncooked. 
2. The wastewater may be recommended to be used for irrigating crops like 
cereal crops, fodder crops, pasture crops and trees. 
3. Further investigation for the presence of protozoan cysts, viruses etc. may be 
helpful. Monitoring of such wastewater should be mandatory. 
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3.8 Biometric observations 
For investigation of the comparative effect of 100% WW, 50% WW and GW 
under inoculated conditions, physiomorphological and seed yield observations were 
carried out at vegetative, llowering, fruiting and harvest stages. 
3.9 Growth cliuructeristicsi 
The following growth characteristics were observed using standard practices. 
1. Plant height (cm) 
2. Leaf number plant"' 
3. Plant fresh weight (g plant'') 
4. Plant dry weight (g plant') 
5. Root length (cm) 
6. Nodule number plant'' 
For assessing dry weight, three plants from each treatment were dried, after 
taking their fresh weight, in hot air oven at 80°C for two days and weighed. For 
nodule number, whole plant was removed carefully along with soil from the pot with 
the precaution that the roots or the nodules may not be damaged. Samples were 
washed gently to wipe away all the adhering foreign particles and the number was 
carefully counted. 
3.10 Physiological parameters 
Following parameters were studied at vegetative, flowering and fruiting 
stages. 
Nitrate reductase activity (NRA) 
NRA was estimated by the method of Jaworski (1971). Random samples of 
leaves from each plant were taken and cut into small pieces. 200 mg fresh leaf pieces 
were weighed and placed in polythene vials. To each, 2.5 ml phosphate buffer (O.IM, 
pH 7.5; Appendix, Ki) and 0.5ml potassium nitrate (0,2M) solution (Appendix, iv) 
were added, followed by addition of 2.5 ml 5% isopropanol (Appendix, ii) and lastly 
two drops of chloramphenicol solution were added to avoid bacterial growth in the 
medium. The vials were incubated for 2 h in the dark at 30°C and 0.4 ml incubated 
mixture was taken in a test tube to which 0.3 ml of 1% sulphanilamide (Appendix, v) 
and 0.02% N 1-Naphthyl, 2-ethylene-diamine dihydrochloride (NED-HCl; Appendix, 
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iii) were added. The solution was left for 20 minutes for maximum colour 
development. It was diluted to 5 ml with DDW and optical density was read at 540 
nm using a spectrophotometer. A blank consisting of 4.4 ml DDW and 0.3 ml each of 
sulphanilamidc and NED-IICl, was used simultaneously for comparison. Standard 
curve was plotted by taking known graded dilutions of sodium nitrite from a standard 
aqueous solution of this salt. The optical density of the samples was compared with 
the calibrated curve and NRA was expressed as ji mol NO2 g''h'' fresh leaf tissue. 
Carbonic anhydrase (CA) activity 
CA was assayed by adopting the method of Dwivedi and Randhava (1974). 
The fresh leaf samples were cut into small pieces at a temperature below 25°C. 200 
mg of leaf pieces were weighed and cut further into smaller pieces in 10 ml of 0.2M 
cystein hydrochloride (Appendix, i) in a petridish and left for 20 min. at 4°C. The leaf 
pieces were taken out from the petriplates and adhering solution was soaked with the 
help of blotting paper. These dried samples were then transferred to a test tube 
containing 4 ml of phosphate buffer of pH 6.8 (Appendix, iff) to this 4ml of 0.2M 
sodium bicarbonate (Appendix,w) in 0.02N sodium hydroxide and 0.2 ml of 
bromothymol blue (0.002%) indicator (Appendix, i) were added. The tube was gently 
shaken and left for 20 min at 4°C. CO2 liberated by the catalytic action of carbonic 
anhydrase on NaHCOa was estimated by titrating the reaction mixture against 0.0IN 
HCl, using methyl red as indicator. The control reaction mixture was also titrated 
against O.OIN HCl. In each case the quantity of HCl used to neutralize was noted and 
difference was calculated. The activity of the enzyme was calculated by putting the 
values in the formula. 
Vx22xN [mol (COj )kg'' (leaf fresh mass) s'' J 
W 
where, V = difference in volume of HCl in control and sample 
22 = equivalent of CO2 
N = normality of HCl 
W = weight of leaf tissue 
Chlorophyll estimation 
It was estimated following the method of MacKinney (1941). Fresh leaves 
(100 mg) were homogenized in mortar with sufficient quantity of 80% acetone. The 
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extract was filtered and supernatant was collected in the volumetric flask. The process 
was repeated thrice and each time supernatant was collected in the same flask. Finally 
the volume was made up to 100 ml with 80% acetone. 5 ml sample of chlorophyll 
extract was transferred to a cuvette and the absorbance was read at 645 and 663 nm on 
spectrophotometer and calculated as 
Total chlorophyll (mgg') = [20.2 (D645) + 8.02 (D663)]x 
where, V = Total volume of the solution (ml) 
W = weight of the tissue (g) used for the extraction of the 
pigments 
Carotenoid estimation 
For carotenoid estimation the method of Machlachlan and Zalik (1963) was 
followed. 100 g leaves were homogenized on 80% acetone the volume was 
maintained upto 10ml and the readings were taken at 480 and 510nm and estimated 
by the following formula. 
,, 7.6x(480)-1.49x(510) Carotenoids(mgg') 
dxlOOOxW 
where, W = weight of sample 
d = length of light path 
3.11 Leaf analysis 
Dried leaf material collected at different sampling stages was used for the 
estimation of N, P and K contents. The details of procedure are follows. 
Digestion of leaf sample 
Healthy leaves from oven dried plant material collected at different sampling 
Stages were used for the estimation of NPK. These dried leaves were powdered with 
mortar and pestle and passed through 72 mm mesh sieve. 50 mg of this oven dried 
powder was transferred to 50 ml Kjeldahl flask to which 2 ml sulphuric acid was 
added. The contents of the flask were heated on temperature controlled assembly for 
about 2 h to allow complete reduction of nitrates present in the plant material. As a 
result the contents of the flask turned black. After cooling the flask for 15 min, 0.5 ml 
30%. H2O2 was added drop by drop and the solution was heated again till the colour 
changed from black to light yellow. Again after cooling for 30 min, an additional 3 
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drops of 30% H2O2 were added, followed by heating for another 15 min. The process 
was repeated till the contents of flask turned colourless. The peroxide digested 
material was transferred from Kjeldhal flask to 50 ml volumetric flask with three 
washing of DDW. This peroxide digested material was used for the estimation of N, P 
and K contents. 
Estimation of nitrogen 
It was estimated according to Lindner (1944). 10 ml aliquot of the peroxide 
digested material was taken in 50 ml volumetric flask. To this 2 ml 2.5N sodium 
hydroxide was added which neutralized the excess of acid and 1 ml 10% sodium 
silicate solution was added which prevented the turbidity. The volume of the solution 
was made upto the mark. In 10 ml graduated test tube, 5 ml of this solution was taken 
and 0.5 ml Nessler's reagent (Appendix, iii) was added. The final volume was made 
up to 10 ml with DDW. The contents of the test tube were allowed to stand for 5 min 
for maximum colour development. Then the solution was transferred to colorimetric 
tube and optical density was read at 525 nm. For standard curve of nitrogen 50 mg 
ammonium sulphate was dissolved in 1 litre DDW. From this solution 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml was pipetted in 10 different graduated test tubes. 
In each test tube 0.5 ml Nessler's reagent was added and final volume was made up to 
the mark. After five min, the optical density was read at 525 nm. A blank was run 
with each set of determinations. Standard curve was plotted using different 
concentrations of ammonium sulphate solution versus optical density and with the 
help of this standard curve, the amount of nitrogen present in the sample was 
determined. 
Estimation of phosphorus 
It was estimated by the method of Fiske and Subba Row (1925). 5 ml aliquot 
was taken in 10 ml graduated test tube and 1 ml molybdic acid reagent 2.5% 
(Appendix, iii) was added, followed by the addition of 0.4 ml 1 amino-2naphthol-4-
sulphonic acid (Appendix, i). To this DDW was added to make the volume 10 ml. The 
solution was shaken for 5 min for maximum colour development and subsequently 
transferred to colorimetric tube. The optical density was read at 620 nm. For standard 
curve of phosphorus, 351 mg monobasic dihydrogen orthophosphate was dissolved in 
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sufficient DDW to which 10 ml ION H2SO4 was added and the final volume was 
made to 1000 ml. From this solution 0.1,0.2,0.3,0.4,0.5,0.6, 0.7, 0.8,0.9 and 1.0 ml 
was taken in ten different graduated test tubes. The solution in each test tube was 
diluted to 5 ml. In each tube, 1 ml molybdic acid reagent and 0.4 ml l-amino-2-
naphthol-4-sulphonic acid was added and the final volume was made up to 10 ml. 
After 5 min, optical density was read at 620 nm. A blank was ran with each set of 
determination. Standard curve was plotted using different dilutions of potassium 
dihydrogen orthophosphate solution versus optical density. With the help of the 
standard curve, the amount of phosphorus present in the sample was determined. 
Estimation of potassium 
It was estimated with the help of flame photometer. 10 ml aliquot was taken 
and read by using the filter for potassium. A blank was also run side by side with each 
set of determination. The readings were compared with calibration curve plotted using 
known dilutions of standard potassium chloride solution. For curve, 1.9Ig potassium 
chloride was dissolved in 100 ml DDW, of which 1 ml solution was diluted to 1000 
ml. The resulting solution was of 10 ppm potassium. From this 1, 2, 3, 4, 5, 6, 7, 8, 9 
and 10 ml solution was transferred to 10 vials separately. The solution in each vial 
was diluted to 10 ml. A blank was also run with each set of determination. Standard 
curve was prepared using different dilutions of potassium chloride solution versus 
reading on the scale of galvanometer. The amount of potassium present in sample was 
determined with the help of standard curve. 
3.12 Yield parameters 
For this, six plants (6 pots) from each treatment were collected at the time of 
harvest and the following yield characteristics were observed 
1) Pods plant"' 
2) Pod length (cm) 
3) 100 seed weight (g) 
4) Seed yield plant'' 
5) Seeds pod'' 
6) Biomass plant'' 
7) Harvest index (%) 
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Total seeds threshed out of dried plant samples of each treatment were cleaned 
and allowed to dry for few hours and the weight was recorded to compute the seed 
yield. Total biomass was recorded after drying the entire plant in the sun lo make the 
weight constant. While for harvest index it was computed after dividing the seed yield 
by biomass and expressed in percentage. 
Harvest index (%) = ^^ "^^  ^^ ^^ "^  x 100 
Biomass 
3.13 Seed analysis 
The seeds collected at harvest were chemically analysed for the protein 
contents. The seed samples for each treatment were dried and grounded to fine 
powder and passed through a 72 mm mesh sieve. The powder was stored in the 
polythene bags. Before analysis, these samples were kept at 80°C in an oven 
overnight. 
Estimation of total protein 
The method of the Lowry et al. (1951) was followed. 50 mg of oven dried 
seed powder was transferred in glass centrifuge tube, to which 5 ml of 50% 
trichloroacetic acid was added. The solution was allowed to stand for 30 min at room 
temperature with thorough shaking for the complete precipitation of the proteins. The 
material was centrifuged at 4000 rpm for 10 min and the supernatant was discarded. 5 
ml of IN sodium hydroxide was added to the residue and mixed well. It was left for 
30 min on water bath at 80°C so that all the precipitated proteins may completely get 
dissolved. After cooling, for 15 min, the mixture was centrifuged at 4000 rpm for 15 
min and the supernatant containing protein fraction together with three washings with 
IN NaOH was collected in 25 ml volumetric flask. Volume was made up to the mark 
with IN NaOH and used for the estimation of proteins. 1 ml sodium hydroxide extract 
was transferred to 10 ml test tube and 5 ml reagent B (Appendix, iv) was added. The 
solution was mixed well and allowed to stand for 10 minutes at room temperature. 0.5 
ml folin phenol reagent (Appendix, ii) was added rapidly with immediate mixing. The 
blue colour developed was left for 30 min for maximum colour development. 
Absorbance of the solution was read at 660 nm. A blank containing DDW, reagent-B 
and folin phenol reagent was simultaneously run with each sample. The protein 
contents were calculated by comparing the optical density of each sample with 
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calibration curve plotted by taking known graded dilutions of standard solution of 
bovine serun albumin (Fraction -V) and the seed protein contents were expressed in 
terms of percentage on dry weight basis. 
Standard curve for total proteins 
50 mg bovine serun albumin (Fraction -V) was dissolved in 50 ml DDW, of 
which 10ml solution was diluted to 50 ml. 1 ml of this solution contains 200^g 
protein. From this 0.2, 0.4, 0.6, 0.8 and 1.0 ml solution was transferred to 5 test tubes 
separately. The solution in each test tube was diluted to 1 ml with DDW. A blank of 1 
ml DDW was also run with each set of determinations 5 ml reagent B to each tube 
including blank was mixed well and allowed to stand for 10 min. To this solution 0.5 
ml folin phenol reagent was added and mixed well and incubated at room temperature 
in the dark for 30 min. Blue colour was developed and read at 660 nm. 
3.14 Heavy metal analysis 
To check the presence of heavy metals in soil and water and finally in seeds. 
These'four heavy metals namely cadmium, chromium, lead and nickel were estimated 
(Tables 6 and 72). 
Soil samples 
Ig of soil sample was taken in a conical flask. To this, 10 ml of nitric acid was 
added. It was placed on a hot plate for digestion. After 12 h of digestion, 5 ml of 
perchloric acid was added for complete digestion. After cooling it was filtered and the 
volume was made upto 100 ml by DDW. After filtering through Whatman filter paper 
No. 42, it was stored in polythene bottles and analyzed for heavy metals with the help 
of GBS-902 atomic absorption spectrophotometer. 
Water samples 
20 ml water was taken in a conical flask. To this, 10 ml of nitric acid was 
added. It was than placed on a hot plate for digestion. After complete digestion, total 
volume was made upto 100 ml. It was stored in polythene bottles after filtering 
through Whatman filter paper No 42 and analyzed for heavy metals with the help of 
GBS-902 atomic absorption spectrophotometer. 
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Seed samples 
500 mg of grain powder was taken in a conical flask. After adding 10 ml nitric 
acid, it was placed on a hot plate for digestion. After complete digestion, it was 
filtered. Final volume was made up to 100 ml with DDW. Then, it was filtered 
through Whatman filter paper No.42 and analysed on GBS-902 atomic absorption 
spectrophotometer. 
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EXPERIMENTAL RESULTS 
4.1 EXPERIMENT - 1 
This experiment was conducted to study the effect of WW and GW on growth, 
physiological and yield parameters along with four levels of nitrogen. Growth and 
physiological parameters were studied at vegetative, flowering and fruiting stages 
while yield and quality parameters at harvest. Only the significant data are described 
briefly below. 
4.1.1 Growth parameters 
Six growth parameters namely, plant height, leaf number, plant fresh weight, 
dry weight, root length and nodule number were recorded (Tables 8-13). 
4.1.1.1 Plant height 
Wastewater, in general, proved beneficial in enhancing the plant height (Table 
8). However, greater height was achieved with 100%WW irrigation as compared to 
50%WW at the three growth stages which gave an increase of 8.43%, 9.15% and 
7.70% over GW. An increase of 5.25%, 6.27% and 5.93% was also recorded with 
50%WW at vegetative, flowering and fruiting stages respectively. At earlier two 
stages, N20 and Nio were at par in their values and an increase of 19.6% and 22.39% 
with N20 and 18.27% and 20.64% with Nio over No was observed. However, at 
fruiting stage, N20 proved best with 20.50% increase. The treatment, N40 proved toxic 
at all the three stages as it affected the plant height adversely. Among the interactions, 
100%xNio proved optimum being at par with 100%xN2o at vegetative and fruiting 
stages. At former stage, 50%xN2o was at par with 50%xNio while at later stage, 
50%xN2o was at par with IOOXN20 and 100%xNio. At both the stages, GWXN20, 
100%xN4o and GWxNio also showed at par values. Plant height increased from 
vegetative to fruiting stage and it was more between vegetative and flowering stages 
when compared v^th flowering and fruiting stages. 
4.1.1.2 Leaf number plant* 
Irrigation with wastewater resulted in higher leaf number where 100%WW 
gave the highest value (Table 9). However, at vegetative stage, 50%WW also showed 
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Experimental Results 
at par value with 100%WW. While at the later stages both concentrations differed 
significantly in enchancing the leaf production over control. 100%WW gave an 
increase of 10.74%, 8.87% and 6.49% at vegetative, flowering and fruiting stages 
respectively. Fertilizer treatments also enhanced this parameter. At vegetative and 
fruiting stages, Nio proved optimum as it was at par with N20 which was therefore, at 
luxury consumption. However, at flowering stage, N20 proved best. The increase 
recorded with N20 treatment was 36.08%, 27.47% and 21.72% at the three growth 
stages respectively. The lowest leaf number was given by No followed by N40, which 
gave 11.82% and 12.12% less leaves than Nio at vegetative and fruiting stages and 
12.98% by N20 at flowering stage respectively. The interactive effect of 100%xN2o 
and 100%xNio also gave at par values at flowering and fruiting stages. However, at 
later stage 50%xNio also gave at par values with 50%xN2o and GWXN20, while 
100%xNo proved at par with GWXN40 showing utility of wastewater in enhancing the 
vegetative growth. Leaf number also increased with the age of plant and it was more 
between vegetative to flowering than flowering to fruiting stage. 
4.1.1.3 Fresh weight plant"' 
Like plant height and leaf number, expectedly waste water irrigation also 
improved the fresh weight significantly (Table 10). The effect of 100%WW and 
50%WW was similar at vegetative stage while at later stages, 100% performed 
differently recording an increase of 8.49% and 8.10% over GW. Among the fertilizer 
treatments, No gave the lowest value followed by N40 which proved toxic. Nio proved 
optimum being at par with N20 which again showed its luxury consumption. The 
former treatment gave an increase of 34.89%, 23.71% and 23.56% over No- At 
flowering and fruiting stages, 100%xNio proved best being at par with 100%xN2o. In 
accordance with ongoing trend, 50%xN2o with 50%xNio and GWXN20 with GWxNio 
also showed at par values while GWXN40 and 100%xNo gave similar effect at 
flowering. Fresh weight also showed an increasing trend from vegetative to fruiting 
stage. 
4.1.1.4 Dry weight plant' 
It also enhanced significantly due to wastewater irrigation at flowering and 
fruiting stages (Table 11), the increase over groundwater irrigation being 9.35% and 
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10.88% respectively. The effect of fertilizer on dry weight followed the similar trend 
noted in fresh weight. The treatment, Nio proved optimum being at par with N20 and 
showed an increase of 34.91%, 27.06% and 26.04% over NQ. The treatment N40 again 
proved toxic. The interactive effect of wastewater and fertilizer was significant only at 
the last stage. Here, 100%xN2o showed similar effect as given by 100%xNio. Again, 
50%xN2o with 50%xNio and GWXN20 and GWxNio were at par. Dry weight like fresh 
weight also increased with age of the plant. 
4.1.1.5 Root length plant' 
Increase in root length was obtained with higher wastewater concentration 
(Table 12). Therefore, the maximum root length was recorded with 100%WW at all 
the three growth stages. This concentration gave on increase of 11%, 14.01 and 
13.23% over GW. With 50%WW increase in root length was 6.55% 7.82% and 
8.73% over GW. At the three stages of sampling Nio and N20 treatments were at par. 
Thus, Nio gave an increase of 32.45%, 33.88% and 28.04% over No and here also the 
treatment N40 proved deleterious. Increase in root length was observed more between 
vegetative to flowering than from flowering to fruiting. 
4.1.1.6 Nodule number plant'' 
Both 100%WW and 50%WW proved superior than GW for nodule production 
(Table 13). With 100%WW, nodules increased by 15.34%, 18.76% and 18.79% at 
vegetative, flowering and fruiting stages respectively. The trend of fertilizer remained 
almost the same with Nio being optimum (at par with N2o). The increase recorded Wjas 
47.81%, 47.54% and 34.88% over No Here also N40 proved deleterious for 
nodulation as observed in earlier growth parameters. Interaction was significant at 
flowering and fruiting stages and at both stages, 100%WWxNio was optimum as it 
was at par with 100%WWxN2o, 50%WWxN2o and 50%WWxNio. Also GWxNio, 
GWXN20 and 50%WWxN4o were at par at flowering. While at fruiting, GWxNio, 
GWXN20, 100%WWxN4o and 50%WWxN4o were equally effective. It is to be noted 
that 100%WWxNo gave similar effect as GWXN40 showing the utility of wastewater 
for nodule production also. Contrary to other parameters, nodules increased upto 
flowering stage only and later started decreasing. 
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4.1.2 Physiological parameters 
Physiological determinations namely, total chlorophyll contents, carotenoids, 
leaf nitrate reductase activity, carbonic anhydrase activity and NPK contents were 
investigated (Tables 14-20). The data found to be significant are described briefly 
below. 
4.1.2.1 Total chlorophyll contents 
Total chlorophyll contents also increased with wastewater irrigation (Table 
14) and the effect of 50%WW and 100%WW was at par at flowering stage. While at 
other two stages the three water treatments performed differently. The increase 
recorded with 100%WW was 8.06%, 5.30% and 7.62% at vegetative, flowering and 
fruiting stages respectively. Regarding fertilizer treatment, Nio proved optimum being 
at par with N20 and gave an increase of 17.49%, 11.37% and 24.81% over control. 
Chlorophyll contents were decreased significantly under N4o- Interaction between 
wastewater and fertilizer treatment was non-significant at first two stages but at the 
last stage it was observed that 100%WWxNio proved optimum, as it was statistically 
at par with 100%xN2o, 50%xN2o and 50%xNio. The treatment 100%xNo showed 
similar effect as given by GWXN40 and 50%xNo showing the utility of wastewater in 
enhancing the chlorophyll content without the application of nitrogenous fertilizer. 
4.1.2.2 Carotenoids 
The wastewater irrigation also increased the carotenoid contents (Table 15). 
The three water treatments performed differently at vegetative stage as observed in 
total chlorophyll contents. While at flowering, 50%WW was at par with GW and at 
fruiting, 100%WW and 50%WW showed similar effect. The increase recorded with 
100%WW at the three stages was 7.65%, 7.81% and 11.14%, respectively. Nio among 
the nitrogen treatments proved optimum for enhancing these pigments. At all the three 
stages, Nio was at par with N20 and gave an increase of 15.99%, 23.94% and 34.48%) 
over No. The treatment N40 proved toxic as it gave lower values than Nio and N20. 
4.1.2.3 Leaf nitrate reductase activity (NRA) 
It was positively affected by wastewater application (Table 16). As it was 
more in higher concentration of wastewater. The increase with 100%WW was 
16.86%, 13.99% and 10.01%) over GW at the three sampling stages respectively. 
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Experimental Results 
However, at flowering stage the effect of 100%WW and 50%WW was similar. 
Fertilization effect remained by and large the same as in other parameters with Nio 
being optimum and at par with N20. The increase in NRA with fertilizer over control 
was 32.47%, 31.26% and 26.33%. Leaf NRA like chlorophylls and carotcnods also 
decreased with the increase in plant age. 
4.1.2.4 Carbonic anhydrase (CA) activity 
The effect of wastewater on carbonic anhydrase activity varied from stage to 
stage (Tabic 17). Al vegetative and fruiting stages, 100%WW was at par with 
50%WW while at flowering, the latter treatment showed equal effect as GW. The 
increase recorded with 100%WW was 9.22%, 14.16% and 12.79%. At all the three 
stages, Nio proved optimum as it was at par with N2o- An increase of 32.50%, 38.16% 
and 26.77% was recorded with Nio at the three growth stages studied. The carbonic 
anliydrase activity also decreased with age of the plants. 
4.1.2.5 Leaf NPK contents 
4.1.2.5.1 Nitrogen 
Increase in nitrogen content with wastewater irrigation was observed at 
vegetative, flowering an(| fruiting stages (Table 18). The increase was 5.01%, 7.93% 
and 10.86%. However, the effect of nitrogen fertilizer remained the same at all the 
three sampling stages, with Nio being optimum and N20 being at luxury while N40 
proved excessive. Nitrogen contents were increased upto 14.32%, 20.15% and 
21.89% by NIO over No. Among interactions at fruiting stage, 100%xNio and 
100%xN2o gave similar results. It was also observed that Nio and N20 with 50%WW 
as well as GW gave at par values. While further observations revealed that 100%xNo 
had similar effect as observed under GWXN40. The nitrogen contents decreased from 
vegetative to fruiting stage. 
4.1.2.5.2 Phosphorus 
The effect of wastewater was not pronounced as far as phosphorus contents 
were concerned (Table 19) as its increase with wastewater treatment was recorded 
only at vegetative stage. While at later stages the effect was non-significant. Even at 
vegetative stage, 100%WW and 50%WW were equally effective. Fertilizer treatment 
also showed deviation from the results obtained so far. At vegetative stage, Nio 
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Experimental Results 
proved optimum as it was at par with N20 and gave an increase of 14.92% over No. 
Higher dose of nitrogen could not enhance the P content. At flowering stage, the 
treatment effect remained almost same except that N40 was at par with N20 and No. 
The increase recorded with Nio was 18.66%. N40 was also at par with No at fruiting 
stage but differed critically from N2o- Here also Nio proved optimum and gave an 
increase of 18.64% over NQ. It may be pointed out that higher nitrogen dose proved 
inhibitory for phosphorus uptake. There was continuous decrease in leaf phosphorus 
content from vegetative to fruiting stage. 
4.1.2.5.3 Potassium 
Wastewater application unproved the leaf potassium content also at all three 
stages (Table 20). The effect of 100%WW and 50%WW was similar at vegetative 
stage. At later stages, 50%WW and 100%WW performed differently. The latter 
concentration gave an increase of 6.60%, 8.61% and 11.81%. Nitrogen treatment 
showed the same pattern at vegetative, flowering and fruiting stages. Thus, the 
treatment N40 gave the lowest value while the remaining two doses of nitrogen Nio 
and N20 were at par in their effect. The increase at the three successive stages of 
growth by Njo was 15.31%, 24.94% and 19.01%. Interaction between wastewater and 
fertilizer was significant only at the last stage. It was observed that fertilizer 
treatments Nio and N20 proved at par in combination with 100%WW, 50%WW and 
GW respectively. Moreover, GWxNjo, GWxNio und 100%xN4o were also at par. It 
was also observed that the effect of 50%xNo was similar to GWXN40 indicating the 
utility of wastewater compensating the niti'ogen requirement. Like nitrogen and 
phosphorus contents, potassium also decreased with increase in plant age. It may be 
noted that K contents were comparatively more than the nitrogen which was followed 
by P contents. 
4.1.3 Yield and quality parameters 
The yield attributes namely pods plant'', pod length, 100 seed weight, seeds 
pod'', seed yield plant'', biomass plant'', harvest index and seed protein contents were 
studied at harvest (Tables 21-23). The significant data are briefly described. 
4.1.3.1 Pods plant'' 
Wastewater enhanced the number of pods by 15.36% over GW irrigation 
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(Table 21). Both concentrations of wastewater were equally effective. Nio proved the 
optimum fertilizer dose as the enhanced dose of nitrogen (N20) proved at par in pod 
production. The increase by Nio was 32.25% over No. Like most of the growth 
parameters, N40 proved toxic although it gave 20.04% more pods than No. 
4.1.3.2 Pod length 
Wastewater application was not effective in enhancing the pod length (Table 
21). However, this parameter was significantly affected by nitrogenous fertilizer 
treatment as Nio gave an increase of 50.85% over NQ and this treatment was also at 
par with N20 as well as N40. The value obtained with the treatment N40 was also at par 
with NQ showing the ill effect of higher dose as sufficient nitrogen was present in 
wastewater, soil and the crop being nitrogen fixing. 
4.1.3.3 100 seed weight 
An increase of 6.22% was recorded by 100%WW application in 100 seed 
weight over GW and the value obtained under 50%WW was equal to 100%WW 
(Table 21). The nitrogen dose, NIQ proved optimum in this parameter as the higher 
dose (N20) was at par with it showing the luxury consumption. The increase in seed 
weight by Nio was 8.44% over NQ which may be significant in enhancing the seed 
yield. 
4.1.3.4 Seeds pod ' 
It was also enhanced by wastewater treatment as 100%WW increased it by 
9.01% over GW (Table 22). Nio was the optimum dose being at par with N20 and it 
gave an increase of 8.05% over NQ. The combination 100%xNio gave the optimum 
value and it was also at par with 100%xN2o, 100%xN4o, 50%xN2o and 50%xNio. 
While GWXN20. GWxNio, 100%xNo and 50%xNo also proved at par with each other. 
4.1.3.5 Seed yield plant'' 
Irrigation with both concentrations of wastewater resulted in higher yield as 
compared to ground water (Table 22). However, 100%WW gave an increased yield of 
11.35% over GW which is very positive indicator of its use as the local farmers are 
applying this water directly from the wastewater drain (Fig 2a). The other treatment 
after 50% dilution gave 7.93% increase over GW. All the three treatments differed 
critically. Among the fertilizer doses, Nio showed an increase of 26.54% over No, thus 
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proved optimum in enhancing the seed yield. This treatment was also at par with 
higher fertilizer dose N20 showing the luxury consumption of nitrogenous fertilizer. 
The higher dose (N40) proved deleterious as it decreased the seed yield by 9.34% 
when compared with Nio and by 10.13% in comparison to N20. Regarding interaction 
effect between wastewater and nitrogen, 100%xNio proved optimum being at par with 
100%xN2o and 50%xN2o where 10kg N ha'' was compensated under 100% waste 
water treatment. The latter combination was also at par with 50%xNio in seed yield. 
Therefore, it may be concluded that only 10kg N ha'' proved sufficient when applied 
with 100% wastewater confirming the utility of nitrogen present in wastewater. The 
nitrogen dose, N20 proved wasteful as it recorded at par values in most of the cases. 
The effect of 100%xN4o, 50%xN4o generally proved deleterious in seed production 
thus 40kg N ha'' was an excessive dose. 
4.1.3.6 Biomass plant'' 
Wastewater irrigation also increased the plant biomass significantly over GW 
(Table 22). The pattern of fertilizer treatment was similar to that of seed yield. N|o 
being at par with N20, therefore, proved optimum. It registered an increase of 12.88% 
over No. The biomass was also adversely affected by N40 as it proved toxic. The 
combination of wastewater and nitrogen 100%xN2o, 50%xN2o and 100%)xNio were 
equally effective the latter treatment was also at par with 50%xNio. Thus the nitrogen 
@ 10kg ha"' can be applied profitably with both the concentrations of wastewater. 
4.1.3.7 Harvest index 
Harvest index was also increased by wastewater treatment (Table 23). Both 
concentrations performed differently. The increase recorded with 100%WW was 
6.98% over GW. Fertilizer treatment effect was in accordance with seed yield and 
biomass. The treatment, Nio was optimum with 13.22% increase being at par with 
N20. The highest dose, N40 was toxic and was critically different in its effect. 
Interactions were non-significant. 
4.1.2.8 Seed protein contents 
Protein contents were also increased by wastewater irrigation (Table 23). The 
increase recorded with 100%WW was 6.67% which was at par with 50%WW. 
Expectedly, nitrogen dose also affected the protein contents significantly. In this 
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Cxperiiiieiital Results 
parameter also Nio proved to be the optimum dose recording 17.58% increase over 
control. Comparatively higher dose (N20) proved at par with it showing again the 
importance of wastewater as a good source of nitrogen and the crop being itself a 
leguminous one while N40 proved inhibitory. Interactions were non-significant. 
4.2 EXPERIMENT-II 
This experiment was conducted along with experiment I to also study the 
comparative effect of wastewater with GW along with four basal levels of 
phosphorus. Like experiment I, growth and physiological parameters were recorded at 
three stages while yield attributes and protein contents at harvest. Only the significant 
data £je summarized below. 
4.2.1 Growth parameters 
Six growth parameters namely, plant height, leaf number, plant fresh weight, 
dry v/eight, root length and nodule number were observed. 
4.2.1.1 Plant height 
Irrigation with both concentrations of wastewater enhanced it (Table 24). The 
incHiase obtained with 100%WW was 8.29%, 10.22% and 7.17% at vegetative, 
flowering and fruiting stages respectively. While with 50%WW it was 5.69%, 5.57% 
and 2.57%. Among fertilizer doses, P20 proved optimum being at par with P40 and 
gave an increase of 18.94%, 20.46% and 18.59%. In interactions, 100%xP4o gave best 
results when the effect of both these factors was studied at flowering stage. While 
50%xP4o with 50%xP2o and GWxPjo with GWXP40 gave at par values. At fruiting 
stage, 100%xP2o vv^ as optimum and at par with 100%xP4o. While the other 
concentration and GW gave at par values in combination with P20 and P40. Plant 
height increased more between vegetative and flowering stage than between flowering 
to fruiting stage. 
4.2.1.2 Leaf number plant'' 
Leaf production increased with higher wastewater concentration (Table 25). 
At all the three stages, 100%WW proved best and registered an increase of 14.31%, 
15.92% and 11.46% over GW. Phosphorus dose, P20 proved optimum for enhancing 
leaf number at all three stages and gave an increase of 47.60%, 52.91% and 27.17% 
respectively. Interaction between fertilizer and wastewater was significant at 
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Experimental Results 
flowering and fruiting stages. At former stage, 100%xP2o was optimum and at par 
with 100%xP4o and 50%xP4o. While GWXP20 was at par with GWxPao on the one 
hand and with 100%xP)o. Moreover, 100%xPo was also at par with GWxPio showing 
the utility of wastewater as a supplement of some phosphorus. At fruiting stage, 
100%xP2o was optimum and at par with 100%xP4o. While 50%xP4o with 50%xP2o 
and GWXP20 with 100%xP|o and GWxPio with 100%xPo also showed at par values 
again proving the utility of wastewater. Thus ground water supplemented with 10kg P 
ha'' can be compensated with wastewater without phosphatic fertilizer. It was also 
noted that leaf number was increased from vegetative to fruiting stage and it was more 
between the first two stages. 
4.2.1.3 Fresh weight plant'' 
Application of wastewater significantly enhanced the fresh weight also (Table 
26). It was increased upto 9.57%, 9.32% and 10.84% over GW at three stages with the 
application of 100% wastewater. The increase recorded with 50%WW was critically 
different from 100%WW and the latter concentration recorded 6.71%, 6.04% and 
7.73% more over GW. The treatment, P20 proved optimimi as it was at par with P40 
showing an increase of 22.90%, 22.85% at vegetative and flowering stages while at 
fruiting also P20 was equalled with P40 recording 27.13% increase over PQ. The 
combination 100%xP2o proved optimum and it was at par with 100%xP4o at three 
stages. 50%xP2o with 50%xP4o and GWXP20 with GWXP40 were also at par. Fresh 
weight like leaf number also increased from vegetative to fruiting stage and it was 
more between vegetative to flowering stage. 
4.2.1.4 Dry weight plant'' 
It was positively affected with wastewater irrigation (Table 27). Thus at 
vegetative stage the effect of 100%WW and 50%WW was similar and the former 
gave an increase of 6.74%, 8.57% and 10.03% over GW at vegetative, flowering and 
fruiting stages respectively. Among the fertilizer doses, P20 proved optimum and it 
gave an increase of 16.73%, 23.15% and 24.12% and the higher dose of phosphorus 
(P40) was at luxury consumption being at par with P20. Interaction was significant at 
the last two stages. Thus, at flowering the combination 100% x P20 was at par with 
100%xP4o and 50%xP2o. Also, GWxP,o was at par with 100%xPo and 50%xPo again 
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Expcriincrital Results 
showing the utility of wastewater in the accumulation of dry matter of plants. 
Similarly at fruiting stage, 100%xP2o was optimum and at par with 100%xP4o. Dry 
weight also increased at each stage of sampling from vegetative to fruiting. 
4.2.1.5 Root length 
Increase in root length an important feature for nodulation and nitrogen 
fixation was obtained in plants irrigated with 100%WW as well as 50%WW (Table 
28). The increase recorded with the former treatment was 10.99%, 13.29% and 
12.64% at three sampling stages. The treatment, P40 proved best at vegetative stage 
and gave an increase of 45.20%> over PQ. While at later two stages, P20 proved 
optimum being at par with P40. The increase recorded with P20 was 36.05% and 
33.09% over PQ. The lower dose of phosphorus (Pio) proved deficient. Interaction was 
signiiicant only at flowering stage where 100%)xP2o proved optimum being at par with 
100%xP4o. Similarly, 50%xP4o with 50%xP2o and GWXP40 with GWxPzo also 
recorded at par values. Root length like earlier parameters also increased with the 
increase in age of the plant. 
4.2.1.6 Nodule number plant* 
Nodule production was also enhanced by wastewater irrigation (Table 29). 
Thus at vegetative stage, 100%WW proved at par with 50%WW showing that 
100%WW can be applied without dilution. The increase recorded with 100%)WW was 
15.03%, 18.06% and 19.55%. Among the fertilizer treatments, P20 proved at par with 
P40 a1 vegetative, flowering and fruiting stages. The increase recorded with P20 was 
36.54%, 48.43% and 34.55% respectively. Significant interactions were observed at 
floweing and fruiting. At former stage, IOOXP40 proved best while 100%xP2o was at 
par with 50%xP4o and 50%xP2o and at later stage, 100%)xP2o proved optimum as it 
was at par with 100%xP4o, also 50%xP4o with 50%xP2o and GWXP40 with GWXP20 
were equally effective It was also observed that GWxPio was at par with 100%xPo 
again confirming the effectivity of wastewater for this important parameters in this 
leguminous crop. Contrary to earlier parameters explained nodule number increased 
only iipto flowering stage and thereafter the number was decreased. 
4.2.2 Physiological parameters 
Physiological observation namely total chlorophyll contents, carotenoids, leaf 
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Experimental Results 
nitrate reductase activity, carbonic anhydrase and leaf NPK contents were 
investigated at vegetative, flowering and fruiting stages. Most of the data were found 
significant and described briefly below. 
4.2.2.1 Total chlorophyll contents 
Irrigation with wastewater significantly increased the total chlorophyll 
contents at all the three growth stages showing the utility of nitrogen and magnesium 
present in wastewater (Table 30). The increase recorded with 100%WW at vegetative, 
flowering and fruiting stages was 9.26%, 8.00% and 10.15% respectively. The 
phosphorus dose, P40 proved best for total chlorophylls with 23.35% increase over PQ 
at first sampling. While at flowering and fruiting, P20 proved optimum as it was at par 
with P40. Interaction was significant at vegetative and flowering stages. At former 
stage, 100%xP4o was optimum. While 50%xP4o, 100%xP2o and 50%xP2o also showed 
similar values. At latter stage, 100%xP2o was the optimum combination as it was at 
par with 100%xP4o. At both the stages, GWxPjo gave similar effect with 100%xPo 
indicating the role of nutrients present in wastewater. 
4.2.2.2 Carotenoids 
Like chlorophyll contents, carotenoids were also increased with wastewater 
(Table 31). At vegetative and fruiting stages, 100%WW was at par with 50%WW. 
The increase recorded with the former concentration was 10.93%, 11.57% and 
12.20%. Among fertilizer doses, P20 was optimum and at par with P40 while Pio 
proved deficient. The increase in carotenoids with the optimum treatment was 
30.28%, 33.08% and 40.14%. It may be pointed out that P40 was at luxury 
consumption at all the three stages. Interaction was significant only at flowering. Here 
100%xP2o proved optimum being at par with 100%xP4o. Here also, GWxPio showed 
results as observed under 100%xPo. 
4.2.2.3 Leaf nitrate reductase activity (NRA) 
Wastewater significantly enhanced the nitrate reductase activity (Table 32) as 
it contained nitrate form of nitrogen along with ammoinum form also. The activity 
increased by 11.23%, 12.90% and 11.86% with 100%WW at the three samplings. 
While comparing the two concentrations, 100%WW recorded 2.97%, 3.19% and 
4.03% more enzyme activity over 50%. Among the fertilizer doses, P20 being 
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Experimental Results 
optimum gave an increase of 29.47%, 29.62% and 29.70% activity at vegetative, 
flowering and fruiting stages respectively. The nitrate reductase activity declined after 
first sampling stage. 
4.2.2.4 Carbonic anydrase (CA) activity 
Varied response of wastewater application on carbonic anhydrase activity was 
observed (Table 33). Its effect was significant at vegetative and fruiting stages. 
50%WW and 100%WW were at par while different critically from GW. Thus later 
treatment gave an increase of 12.27% and 14.15% at vegetative and fruiting stages 
over GW. Effect of fertilization was more or less same as in other parameters. Thus, 
P20 proved optimum with 36.17%, 33.93% and 29.38% increase over Po at the three 
sampling stages as its effect was at par with P4o- This parameter also decreased like 
NRA with the increase in age of plant. 
4.2.2.5 Leaf NPK contents 
4.2.2.1 Nitrogen 
Leaf nitrogen content increased significantly with wastewater application 
(Table 34). 100%WW, showing the presence of nitrogen, increased it by 9.59%, 
9.63% and 11.07% over GW. The effect of 100%WW and 50%WW was similar at 
flowering stage. Among the phosphorus treatments, P20 proved optimum, being at par 
with P40. The increase in nitrogen content by optimum treatment over Pu was 22.96%, 
25.28% and 22.07%. At vegetative stage, the combination, 100%xP2o proved 
optimum and it was at par with 100%xP4o. While at flowering, 100%xP2o again 
proved optimum and at par with 100%xP4o, 50%xP4o and 50%xP2o. Contrary to above 
observation, 100%xPio was optimum at fruiting and it was at par with 100%xP2o and 
100%xP4o. The nitrogen contents were decreased fi-om vegetative to fruiting stage. 
4.2.2.5.2 Phosphorus 
Increase in phosphorus content was also observed with wastewater irrigation 
(Table 35). At all the three stages, 100%WW was at par with 50%WW. However, at 
fruiting, 50%WW was also at par with 100%WW on the one hand and GW on the 
Other. The increase with 100%WW was 5.96%, 10.36% and 8,40% over GW. 
Response of fertilizer was almost on the pattern of other parameters. Here again, P2() 
proved optimum as it was at par with P40 and gave an increase of 14.99%, 21.13% and 
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Experimental Results 
22.17% over PQ. At vegetative stage, the combination 100%xP2o proved optimum and 
it was at par with 100%xP4o, 50%xP4o and 50%xP2o. While GWXP40, GWxPjo and 
100%xP,o also gave similar results. The phosphorus content also decreased, like 
nitrogen content from vegetative to fruiting stage. 
4.2.2.5.3 Potassium 
It was also significantly affected by wastewater (Table 36). 100%WW gave an 
increase of 7.66%, 7.43% and 10.37% over GW. Phosphorus fertilization also 
significantly affected the potassium content with P20 proving the optimum and at par 
with P40 at all the three growth stages studied. The former dose gave an increase of 
15.92%, 19.41% and 21.62% over control. Significant interaction between wastewater 
and fertilizer was observed at fruiting stage only. 100%xP2o proved optimum and at 
par with 100%xP4o. While 50%xP2o with 50%xP4o and GWXP40 with GWxP,o were 
also at par. Similarly, 100%xPio was equal to GWXP20 and GWXP40 on the one hand 
and 50%xPio on the other. Moreover, GWxPio gave similar effect as noted in 
100%xPo showing the utility of wastewater in terms of potassium availability also. A 
consistent decrease in leaf potassium content was also observed as the plants matured. 
Among the three nutrients potassium was maximum in leaf tissues followed by 
nitrogen and phosphorus. 
4.2.3 Yield and Quality Parameters 
These parameters were studied at harvest included pods plant"', pod length, 
100 seed weight, seeds pod'', seed yield plant'', biomass plant'', harvest index and 
seed protein content. The significant data are described briefly (Table 37-39). 
4.2.3.1 Pods plant'' 
Irrigation with 100%WW gave 13.65% more pods plant'' while 50% gave 
8.25% more in comparison to GW (Table 37), Similarly, pod number was 
significantly affected by phosphorus application also. Thus, P20 proved optimum dose 
as the higher dose was at par with it. The former treatment gave an increase in pod 
number by 35.19% over PQ. The interaction 100%xP2o proved optimum as it was at 
par with 100%xP4o. The two treatments of wastewater 50% and GW with P40 and P20 
respectively showed at par values. The combination GWxPjo and 100%xPo were also 
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Experimental Results 
similar in their values highlighting the presence of this nutrient and its role in 
flowering and fruiting. 
4.2.3.2 Pod length 
It was not affected much by wastewater (Table 37). However, phosphorus 
fertilizer increased this parameter significantly. In comparison to other parameters, the 
lower dose Pio proved better in enhancing pod length as it was at par with the two 
higher doses P20 and P40. 
4.2.3.3 100 seed weight 
Both concentrations of wastewater gave similar effect and the increase 
registered with 100% was 5.42% over GW (Table 37). The phosphorus dose, P20 
proved optimum as it was at par with P40 showing the luxury consumption of 
phosphorus. The percentage of increase was 11.26% by P20 over control. 
4.2.3.4 Seeds pod' 
100%WW also increased the seed number by 3.69% over GW (Table 38) 
which may be effective in seed yield increase. The fertilizer treatment, P20 proved 
optimum in seed production as it recorded an increase of 8.99% over PQ. The 
treatment P20 was at par with P40 showing it as luxury dose. The interaction effect of 
100%WW and P20 proved optimum and at par with 100%xP4o and 50%xP4o. While 
the combinations, GWXP40, GWxPjo and 100%xPio also showed similar effect. Like 
pod number, here also GWxPio and 100%xPo gave at par values signifying the 
importance of wastewater as well as the present study. 
4.2.3.5 Seed yield plant'^  
Like all growth and yield parameters mentioned earlier, this important and 
commercial value parameter also showed significant increase with 100% wastewater 
application (Table 38). The increase recorded by it was upto 11.48% while with 
50%WW it was 9.02% over GW showing the utility of the wastewater in crop 
productivity. The fertilizer treatments also showed similar trend as noted in other 
parameters. Thus, P20 was the optimum dose showing a cumulative effect of yield 
component increase in enhancing the seed yield plant"'. It was at par with P40 which 
showed the luxury consumption of phosphatic fertilizer. Therefore, can be discarded 
specially when the crop is grown under wastewater. The increase recorded in seed 
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Experimental Results 
yield with P20 was 30.17% over Po, while Pio proved deficient for this parameter. 
100% in combination with P20 proved optimum and at par with 100%xP4o and 
50%xP4o. Further observations, revealed that GWxPjo on the one hand was at par with 
GWxP4oand on other with 100%xPio. 
4.2.3.6 Biomass plant' 
Wastewater irrigation also proved effective in enhancing the plant biomass 
(Table 38). Since most of the parameters were affected positively therefore, here also 
100%WW gave an increase of 6.34% while 50%WW gave an increase of 5.11% over 
GW. Biomass also followed similar trend as observed under seed yield for 
phosphorus treatment. The dose P20 proved optimum and it registered an increase of 
17.35% over PQ. The combination of 100%xP2o proved optimum as it was at par with 
100%xP4o. Similarly, 50%xP4o with 50%xP2o and GWXP20 with GWXP40 and 
100%xPio showed at par values. 
4.2.3.7 Harvest index 
Like seed yield and biomass, harvest index also showed significant increase 
with wastewater (Table 39). 100%WW gave an increase of 4.77% and 50%WW, 
3.59% over GW. Among phosphorus treatments P20 proved optimum and at par with 
P40 and gave an increase of 10.89% higher harvest index while Pio was deficient dose. 
4.2.3.8 Seed protein content 
Significantly seed protein contents showed an increase of 6.40% with 
100%WW and 4.73% with 50% wastewater further highlighting the use of wastewater 
in crop cultivation specially this leguminous crop (Table 39). Protein contents were 
also increased with phosphorus application. Thus an increase of 14.92% over Po was 
observed under P2o- The higher dose (P40) proved wasteful while the lower dose (Pio) 
was less effective. 
4.3 EXPERIMENT-III 
In this experiment the same two levels of wastewater and GW as control were 
tested with four levels of potassium supplemented with uniform dose of nitrogen 
(10kg ha"') and phosphorus (20kg ha''). Here also growth and physiological 
parameters were recorded at three stages and yield attributes at harvest. Only the 
significant data are described briefly below (Tables 40--$). 
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Experimental Results 
4.3.1 Growth Parameters 
Six growth parameters namely, plant height, leaf number, plant fresh weight, 
dry weight, root length and nodule number were observed (Tables 40-45). 
4.2.1.1 Plant height 
100%WW proved beneficial in enhancing the plant height a^d it gave an 
increase of 4.10%, 9.18% and 6.81% over GW at vegetative, flowering and fruiting 
stages respectively (Table 40). In case of potassium, 30Kg ha"' proved best at 
vegetative stage as it was at par with K45 while at later stages K45 was comparatively 
more effective. K30recorded 21.22%, 23.32% and 15.74% while K45,21.99%, 24.38% 
and 18.19% more plant height when compared with Ko at three stages. Among the 
interactions at flowering, 100%xK3o was optimum being at par with 100%xK45. While 
50%xK45 with 50%xK3o and GWXK45 with GWxKao gave similar effect. In addition, 
GWxKisand 100%xKo were also at par. At fruiting 100%xK45 proved optimum. Here 
50%xK45 was at par with 100%xK3o. A linear increase in plant height was observed 
from vegetative to fiTjiting stage and again it was more between vegetati^to 
flowering stage. 
4.3.1.2 Leaf number plant' 
Application of 100%WW proved effective for increasing this parameter also 
as it showed an increase of 15.81%, 11.89% and 8.85% over GW (Table 41) v.'hile 
50%WW gave an increase of 8.63%, 6.65% and 5.96%. Among the potassium doses, 
K30 proved optimum being at par with K45 at vegetative and flowering stages while at 
fruiting, K45 was the best. The increase recorded with K30 was 61.52%, 41.52% and 
21.74% over KQ. Interaction was significant only at flowering where 100%xK3o 
proved optimum and at par with 100%xK45. The combinations 50%xK45 with 
50%xK3o and GWXK45 with GWXK30 were also equally effective. Leaf number also 
increased with the increase in growth upto fruiting stage and it was more between the 
first two samplings. 
4.3.1.3 Fresh weight plant' 
Irrigation with 100%WW as well as 50%WW increased the fresh weight over 
GW (Table 42). The increase recorded with the former treatment was 11.65%, 
11.56% and 7.93% over GW and with 50%WW it was 7.26%, 6.82% and 4.25% at 
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Experimental Results 
the three samplings. The potassium dose K30 proved best while the lower dose K15 
proved deficient. The increase recorded with optimum dose over Ko was 28.82%, 
24.62% and 25.41%. Significant interactions were also observed at the three stages. 
Thus, 100%xK3o proved optimum and at par with 100%xK45. Also, 50%xK45 with 
50%xK3o and GWXK45 with GWxKso gave statistically equal values. Expectedly, 
plant fi-esh weight increased with increase in growth of the plant. However, the 
increase was more between vegetative to flowering stage than firom flowering to 
fiaiiting. 
4.3.1.4 Dry weight plant' 
100%WW proved effective for dry matter accumulation as it gave an increase 
of 8.36%, 6.83% and 8.75% over GW (Table 43). However, it was at par with 
50%WW at vegetative stage where it recorded an increase of 5.92% over GW. 
Among the fertilizer doses, K30 was optimum as it was at par with K45 showing the 
luxury consumption. An increase of 20.97%, 16.26% and 21.28% was given by K30 
over Ko at the three sampling stages. Interaction was significant only at fruiting where 
100%xK3o proved optimum. Interestingly the combinations, GWxKis and 100%xKo 
gave similar results indicating the utility of wastewater in terms of potassium presence 
also in the wastewater. Dry weight like the fi-esh weight of plants also increased from 
vegetative to fruiting stage and it also followed the same growth pattern. 
4.3.1.5 Root length 
100%WW proved better in this parameter also as it enhanced the root length 
by 13.18%, 13.69% and 13.66% when compared with GW (Table 44) at three stages. 
Potassium @ 30kg ha"' proved best and as it was at par with K45 at vegetative, 
flowering and fixiiting stages. The increase recorded by it was 39.48%o, 35.27% and 
32.38% over control. Significant interaction was observed at fruiting only, where 
100%xK3o proved optimum being at par with 100%xK45. In addition, GWXK30 was 
also at par with GWXK45 on the one hand and with 100%xKi5 on the other. 
Significanfly, GWxKis also gave similar values with 100%xKo, again indicafing the 
effective use of wastewater in supplementing the potassium. Root length also 
increased from vegetative to fruiting stage. 
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Experimental Results 
4.3.1.6 Nodule number plant' 
Like earlier parameters 100% wastewater also proved beneficial in enhancing 
the nodule production (Table 45). The increase recorded by it was 11.48%, 17.74% 
and 16.64%. However, at fruiting stage, 100%WW was at par with 50%WW. At all 
the three stages, K30 proved optimum as it was at par with K45. The former dose gave 
an increase of 39.59%, 48.36% and 34.79% over KQ. Interaction was significant at 
flowering stage only where 100%xK3o was optimum combination and it was at par 
with 100%xK45 and 50%xK45. Unlike other parameters, nodule number increased 
from vegetative to flowering stage only and decreased from flowering to fruiting 
stage. 
4.3.2 Physiological parameters 
Physiological determinations namely, total chlorophyll contents, carotenoids, 
leaf nitrate reductase activity, carbonic anhydrase activity and NPK contents were 
investigated on the pattern of earlier experiments. The data found to be significant are 
described briefly as follows. 
4.3.2.1 Total chlorophyll contents 
Total chlorophyll contents increased under wastewater application at the three 
stages of sampling (Table 46) because of the nitrogen and magnesium. 100%WW 
gave an increase of 10.18%, 9.90% and 10.60% over GW while 50%WW gave 
7.23%, 6.63% and 7.54% enhanced chlorophyll. Among the fertilizer doses, K30 
proved best being at par with K4J in enhancing this pigment. An increase of 21.18%. 
28.62% and 26.75% was registered over control by K30. Among the interactions, 
100%xK3o proved optimum at flowering and fruiting stages and it was at par will 
100%xK45. Further, GWxKis and 100%xKo also gave similar results at flowering 
stage however, at fruiting 100%xKo was at par with 50%xKo. 
43.2.2 Carotenoids 
Like total chlorophyll contents, carotenoids were also enhanced with 
wastewater (Table 47). The increase recorded with 100%WW was 11.31%, 14.75% 
and 17.79% while with 50%WW it was 7.24%, 10.25% and 11.58% over GW. 
Among the fertilizer doses, K30 proved optimum at vegetative stage. While at later 
two stages K45 proved the best. Interactions were non-significant. 
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Experimental Results 
4.3.2.3 Nitrate reductase activity (NRA) 
100%WW increased the enzymatic activity by 12.63%, 13.26% and 10.89% 
over GW (Table 48).Similarly, 50%WW enhanced it by 8.68%, 8.30% and 6.61% 
over GW showing the presence of nitrate nitrogen in wastewater. For this parameter, 
K30 proved optimum and at par with K45 and registered an increase of 29.82%, 
34.89% and 27.32% over KQ at vegetative, flowering and fruiting stages respectively. 
Significant interaction was noted only at vegetative stage, where 100%xK3o was 
statistically at par with 100%xK45. Here also, 100%xKo gave similar effect as noted in 
GWxKis. The activity of this enzyme decreased with the increase in plant age. 
4.3.2.4 Carbonic anliydrase (CA) activity 
This enzymatic activity also increased with wastewater application (Table 49). 
Thus, 100%WW recorded an increase of 13.55%, 12.02% and 12.68% over GW. 
Fertilizer effect remained more or less same as in most of the parameters studied 
earlier where K30 being the optimum dose at the three growth stages. The increase 
recorded with it was 40.36%, 36.15% and 37.10% over KQ. Carbonic anhydrase 
activity like NRA also showed continuous decrease with increase in plant age. 
4.3.2.5 Leaf NPK contents 
4.3.2.5.1 Nitrogen 
Wastewater also proved effective in increasing the leaf nitiogen content (Table 
50) due to the presence of both ionic forms of nitrogen. The increase with 100%WW 
was 7.18%, 9.02% and 6.19% over GW at vegetative, flowering and fruiting stages 
respectively. Among the potassium treatments, K30 proved optimum at all the stages 
indicating possible synergistic relationship between N and K. The increase registered 
with K30 was 19.55%, 22.44% and 27.88% over Ko. Interactions were significant at all 
the growth stages. Among these, 100%xK3o proved optimum and at par with 
100%xK45 at vegetative and fruiting but at flowering, the former combination differed 
critically with latter. It may also be noted that the interactions 50%xK45 with 
50%xK3o and GWXK45 with GWXK30 were at par at all the stages. Leaf nitrogen 
content decreased with increase in growth of the plants. 
4.3.2.5.2 Phosphorus 
Application of wastewater increased it at vegetative and flowering stages 
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Experimental Results 
(Table 51) while at fruiting, its effect was non-significant. The increase recorded with 
100%WW was 7.23% and 10.18%. Like nitrogen content, K30 again proved optimum 
dose for enhancing leaf phosphorus content and it was at par with K45, showing 
positive interaction between the two nutrients. The increase recorded with K30 was 
18.91%, 26.36% and 24.87% over Ko. Interaction was non-significant. Phosphorus 
content also decreased from vegetative to fruiting stage. 
4.2.3.5.3 Potassium 
Wastewater also enhanced leaf potassium content (Table 52). The increase 
recorded with 100%WW was 8.16%, 10.59% and 8.17% while with 50%WW, 5.53%, 
7.38% and 5.62% over GW. Expcctedly, potassium content was enhanced with 
potassic fertilizer application. Thus fertilizer dose Kjo was the most effective as it was 
at par with K45 at vegetative and flowering stages while at fruiting it differed with K45. 
The increase registered with K30 was 20.56%), 24.62% and 18.21% over control. At 
the three stages, 100%xK3o proved best combination and it was at par with 
100%)xK45. At flowering stage, GWxKij and 100%ixKo gave similar effect while at 
fruiting GWXK30 proved at par with GWXK45. Leaf potassium content also decreased 
with increase in age of the plants. It may also be noted that among the three nutrients 
potassium content was more followed by nitrogen and phosphorus. 
4.3.3 Yield and quality parameters 
The yield and quality attributes studied at harvest included pods plant'', pod 
length, 100 seed weight, seeds pod"', seed yield plant'', biomass plant'', harvest index 
and seed protein contents (Tables 53-55). 
4.3.3.1 Pods plant'* 
100% wastewater proved effective in increasing the pod production (Table 53) 
establishing the role of nutrients present in this water. The increase recorded by it was 
12,77% while 50%WW gave an increase of 7.99% over GW. Among the various 
potassium treatments, K30 proved optimum as it was at par with K45. The former 
treatment increased the pods by 33.41% over Ko. The combination, 100%xK3o proved 
optimum being at par with 100%)xK45. While, 100%xKi5 gave similar effect as 
recorded under 50%xKi5. It may also be noted that 100%)xKo gave at par values with 
GWxKisand50%xKo. 
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Experimental Results 
4.3.3.2 Pod length 
This parameter was not affected by wastewater (Table 53) as the data was 
non-significant. However, significant effect of fertilizer treatment was recorded. Here 
Ki5 proved optimum and at par with K30 and K45 on one hand and with KQ on the 
other. The increase recorded with K15 was 24.14% over Ko while 50% with K30. 
4.3.3.3 100 seed weight 
100%WW proved effective in increasing this important parameter (Table 53). 
The increase recorded with 100% was 2.82% over GW. Among the fertilizer doses, 
K30 was the optimum dose with 8.86% more 100 seed weight over Ko while the higher 
dose (K45) showed luxury consumption of potassium. The combination, 100%xK.io 
proved optimum and at par with 100%xK45, 50%xK45 and 50%xK3o. Also, 100%xKi5 
proved at par with GWxKso and 50%xKi5. In addition, GWxKis and 100%xKo were 
also at par showing positive effect of wastewater in some fertilizer saving and 
environment conservation by utilizing and recycling the wastewater through 
agriculture. 
4.3.3.4 Seeds pod'' 
This parameter also increased with wastewater irrigation and it recorded an 
increase of 3.11% over GW (Table 54). Among fertilizer doses, K30 again proved 
optimum and at par with K45. The increase recorded with K30 was 9.83% over KQ. 
Interaction was non-significant. 
4.3.3.5 Seed yield planf * 
Both concentrations of wastewater, 100%WW and 50%WW increased the 
seed yield over GW indicating the effectiveness and utility of the nutrients present in 
wastewater (Table 54). The increase recorded with 100%WW and 50%WW over GW 
was 11.61% and 6.82% respectively. While 100%WW recorded an increase of 4.49% 
over 50%WW. Like other growth and yield parameters the fertilizer treatment, K30 
proved optimum for seed yield also as it was at par with higher dose (K45) which 
showed the luxury consumption. The increase recorded with K30 was 31.36% while 
the lower dose Ku proved deficient. Among the interactions, 100%xK3o proved 
optimum combination as it was at par with I00%xK45. While 50%xK45 and 50%xK3o 
and GWXK45 with GWXK30 proved at par with each other. The latter combination also 
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Experimental Results 
gave the same effect as 100%xKi5 again highlighting the point that wastewater can 
supplement some of the essential nutrients which can be utilized in crop production. 
4.3.3.6 Biomass plant"' 
Biomass also increased with the irrigation of wastewater (Table 54). Thus, 
100%WW recorded an increase of 8.88% over GW. Among various fertilizer doses, 
K30 proved optimum and at par with K45. Biomass increased 22.30% by K30 over KQ. 
The interaction 100%xK3o gave the optimum value being at par with 100%xK45. 
While the other wastewater concentration and GW gave at par values in combination 
with K30 as well as K45 
4.3.3.7 Harvest index 
Like seed yield and biomass, harvest index also increased with wastewater 
irrigation (Table 55). 100%WW proved optimum and it was at par with 50%WW. 
The former treatment gave 2.51% increase in harvest index. Fertilizer treatment also 
followed the same trend where K30 being optimum and at par with higher dose. 
Interactions were non-significant. 
4.3.3.8 Seed protein contents 
Expectedly, protein contents also increased with wastewater application 
(Table 55) which is all the most important as the crops grown for the protein value in 
human diet. 100%WW gave at par values with 50%WW. The increase registered with 
100%WW and 50%WW was 5.99% and 4.72% over GW respectively. K30 proved 
optimum as it was at par with the higher dose (K45) which was at luxury consumption. 
The increase recorded with K30 was 14.08% over control. Thus, it may be concluded 
that wastewater as well as potassium have cumulatively enhanced the growth, yield 
and quality of this leguminous crop. 
4.4 EXPERIMENT-IV 
This experiment was conducted with the aim to obtain an economical and 
effective combination of NPK fertilizers and wastewater irrigation so that the 
optimum dose may be obtained and suggested to the local farmers. Keeping in mind 
the above poind and environmental degradation due to excessive use of inorganic 
fertilizers and effective use of wastewater as a source of nutrients and water the 
present study was designed. For this purpose optimum doses obtained earlier three 
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Experimental Results 
experiments were applied with half of this doses as another treatment. In addition 
again a control with no fertilizers was also taken. Like earlier experiments, growth 
and physiological parameters were recorded at three growth stages while yield and its 
attributes and seed protein contents at harvest. Only the significant data are described 
below briefly (Tables 56-71). 
4.4.1 Growth parameters 
The same growth parameters namely, plant height, leaf number, plant fresh 
weight, dry weight, root length and nodule number were recorded at three stages 
(Tables 56-61). 
4.4.1.1 Plant height 
"Wastewater irrigation proved beneficial in enhancing the plant height al all the 
three growth stages (Table 56). Both concentrations of wastewater were critically 
different at vegetative and flowering stages however, at fruiting, 100%WW was at par 
with 50%WW. The increase recorded with 100%WW was 5.97%, 8.07% and 6.57% 
while with 50%WW it was 3.43%, 5.39% and 4.03%. Full dose (N,oP2oK3o) proved 
superior over half dose (N5P10K15) of fertilizer confirming the findings of the earlier 
three experiments when only fertilizer doses are considered. The increase recorded by 
it was 9.07%, 12.09% and 8.84% over half dose. Interaction was significant at 
flowering only. Here, 100%xNioP2oK3o proved optimum. The combination, 
100%xN5PioKi5 was at par with 50%xN5PioKi5. A linear increase in plant height was 
recorded from vegetative to fruiting stage. The increase was more between vegetative 
to flowering stage than between flowering and fruiting. 
4.4.1.2 Leaf number plant' 
Application of 100%WW also increased the leaf number by 15.26%., 11.07% 
and 8.51% over GW. (Table 57) showing the effectivity of this water. While increase 
recorded with 50%WW was 7.69%, 7.80%. and 4.51%. at the three sampling stages. 
Full fertilizer dose again proved optimum for this parameter also. The increase 
recorded with it was 41.10%., 41.68% and 29.11% over control. While half dose 
(N5P10K15) gave 18.95%., 18.29%. and 9.52% more leaves over control. Interaction 
was non-significant at the three stages. Like plant height, leaf number also increased 
upto fruiting stage and it was more between the first two stages. 
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Experimental Results 
4.4.1.3 Fresh weight plant ' 
Irrigation with 100%WW as well as 50%WW proved beneficial in enhancing 
the fresh weight (Table 58). The increase registered by former concentration was 
15.09%, 11.49 and 9.96% over GW while the latter recorded 12.73%, 7.69% and 
8.09% at three sampling stages. Among the two fertilizer doses, N10P20K30 recorded 
more fresh weight. It gave an increase of 41.65%, 26.78% and 27.72% over NQPOKO-
Fresh weight was also increased by N5P10K15 dose when compared with control. 
Interaction of wastewater and fertilizer was also significant and the combination 
100%xNioP2oK3o proved optimum followed by 50%xN|oP2oK.i() and GWxNi(iP2oK:i(). 
At vegetative stage, 100%xN5PioKi5 was at par with GWxNioP2oK-30- Similarly at 
flowering stage also, 100%xN5PioKi5 was equally effective with GWxNioP2oK3o and 
it was also noted that GWXN5P10K15 was also at with 100%xNoPoKo indicating the 
fertilizer benefits of wastewater. Plant fresh weight increased from vegetative to 
fruiting stage and it enhanced more between first and second samplings. 
4.4.1.4 Dry weight plant'' 
This parameter was also favourably affected with wastewater (Table 59). 
100%WW gave an increase of 8.90%, 6.94% and 9.05% over GW. The increase in 
dry matter accumulation with 50%WW was 5.48%, 5.02% and 5.34% at three growth 
stages studied. N10P20K.30 proved optimum in enhancing dry weight by 32,08%, 
21.60% and 29.22%. Significuiit interuction was observed ul flowering stugcs where 
lOO%xNioP2oK3o was par with 50%xNioP2oK3o and 100%xN5PioKi5 with 
GWXN10P20K30. Further, 100%xNoPoKo was at par with GWXN5P10K15 again 
confirming the utility of wastewater where this crop can be grown with wastewater 
ever without any fertilizer and getting the same dry weight under half dose of 
fertilizer and ground water. Dry weight was recorded more between vegetative to 
flowering in comparison to flowering and fruiting. 
4.4.1.5 Root length 
Like other parameters, root length was also increased with wastewater 
treatment (Table 60). 100%WW increased root length by 9.88%, 13.75% and 11.08% 
at vegetative, flowering and fruiting stages respectively. Full fertilizer dose N10P20K30 
proved more effective as it enhanced root length by 31.57%, 49.66% and 34.62%. 
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Interaction was significant at flowering only. Here, 10e%xNrt^oK^proved 
optimum. The treatments lOOroxNsPioKis and 50%xN5PioKi5 "mfe^^^soat par. Root 
length also increased from vegetative to fruiting stage. 
4.4.1.6 Nodule number plant'^ 
Significant increase in nodule number was recorded with 100%WW (Table 
61). It gave an increase of 16.45%, 14.29% and 15.82% over GW. However, at 
vegetative and flowering stage 100%WW and 50%WW were equally effective. 
Among fertilizer treatments N10P20K30 proved optimum as it increased the nodule 
production by 51.34%, 43.88% and 34.71% over control, while half dose gave 
22.45%, 11.94% and 11.34% increase. Interaction was significant at flowering where 
100%xNioP2oK.3o proved optimum although it was also at par with 50%xNioP2oK.30-
The combination 100%xN5PioKi5 was at par with GWXN10P20K30. h may also be 
noted that GWxNsPioKis gave similar effect as given by 100%xNoPoKo. Unlike other 
parameter nodulation increased from vegetative to flowering stage only thereafter it 
decreased. 
4.4.2 Physiological parameters 
Physiological parameters namely, total chlorophyll contents, carotenoids, leaf 
nitrate reductase activity, carbonic anhydrase activity and leaf NPK contents were 
studied at vegetative, flowering and fruiting stages of growth. The signifi cant uata are 
described briefly as below (Tables 62-68). 
4.4.2.1 Total chlorophyll contents 
It also increased with wastewater (Table 62). The increase recorded with 
100%WW was 6.07%, 7.46% and 7.98% and with 50%WW it was 3.28%, 4.38% and 
2.98% over GW. Fertilizer treatment, N10P20K30 proved optimum as it gave an 
increase of 23.82%, 26.76% and 34.78% over control. Significant interaction was 
observed at flowering and fruiting. At both stages, 100%xNioP2oK3o proved optimum. 
At flowering 50%xNioP2oK3o and 100%xNioP2oK3o were at par while 50%xNoPoKo 
was at par with GWXNOPQKO at both the stages indicating the effectiveness of 
wastewater owing to the nutrient present in it. 
4.4.2.2 Carotenoids 
Like total chlorophyll, carotenoids also increased with wastewater irrigation 
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Experimental Results 
(Table 63). The increase recorded with 100%WW was 11.81%, 12.42% and 17.01% 
over GW. The fertilizer treatment, N10P20K30 gave the optimum values at vegetative, 
flowering and fruiting stages. The increase was 27.93%, 38.04% and 43.95% over 
NQPOKQ. Interaction was non-significant. 
4.4.2.3 Nitrate reductase activity (NRA) 
The enzymatic activity was increased with wastewater irrigation. However, at 
ail the three stages 100%WW was at par with 50%WW (Table 64). The increase 
recorded with 100%WW was 9.49%, 8.91% and 12.81%. Among fertilizer treatments, 
N10P20K30 proved optimum as it enhanced NR activity by 35.63%, 33.78% and 
34.15% over NQPOKQ. While the increase recorded with half dose was 14.64%, 
14.82% and 14.76%. The activity of this enzyme declined with increasing age of the 
plants. 
4.4.2.4 Carbonic anhydrase (CA) activity 
100% wastewater also increased the carbonic anhydrase activity by 14.36%, 
12.00% and 11.71% over GW at three stages (Table 65). At fruiting, 50%WW proved 
at par to 100%WW and also to GW. The full dose, N10P20K30 proved optimum and the 
increase recorded was 44.31%, 38.01% and 36.96% ovcrxNoPoKo. Interaction was 
non-significant. Like chlorophyll and NRA, this enzymatic activity also decreased 
from vegetative to fruiting stage. 
4.4.2.5 Leaf NPK contents 
4.4.2.5.1 Nitrogen 
Like growth and other physiological parameters leaf nitrogen content was also 
increased by wastewater application (Table 66). 100%iWW gave an increase of 
6.20%, 9.56% and 8.27% over GW. Full dose, N10P20K30 proved optimum and gave 
an increase of 16.36%, 24.51% and 23.72% over NQPOKO. Among the various 
interactions, 100%WWxNioP2oK3o proved optimum at vegetative, flowering and 
fruiting stages. At vegetative stage, GWXN5P10K15 was at par with 100%WWxNoPoKo 
while at flowering, GWXN10P20K30 was at par with 100%WWxN5PioKi5 both these 
interaction proved the utility of wastewater in the availability of the three most 
important macro nutrients. Nitrogen content also decreased with the increase in age of 
the plants. 
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Experimental Results 
4.4.2.5.2 Phosphorus 
Leaf phosphoms content showed comparatively varied response to wastewater 
concentration (Table 67). At vegetative stage, both concentrations of wastewater were 
critically different. However at flowering the two were at par. While at fruiting, 
50%WW was at par with 100%WW as well as with GW. The increase recorded with 
100%WW at the three stages was 5.79%. 7.45% and 8.26% respectively. The 
fertilizer treatment, N10P20K30 proved optimum as it recorded an increase of 18.78%, 
28.12% and 23.72% over control. Interaction was non-significant. Phosphorus content 
also decreased from vegetative to fruiting stage. 
4.4.2.5.3 Potassium 
It also increased with wastewater irrigation (Table 68). It was 6.69%, 10.12% 
and 8.88% more under 100%WW at the three growth stages. N10P20K30 proved 
optimum dose for enhancing leaf potassium content increasing it by 17.55%, 24.67% 
and 22.05% over NQPOK-O. The combination 100%xNioP2oK3o proved optimum and at 
vegetative and flowering stages GWxNsPioKis proved at par with 100%xNoPoKo. 
While at fruiting 100%xN5PioKi5 was at par with GWxNioP2oK3o- Like N and P, 
potassium content also decreased with increasing growth and among the three 
nutrients, K was comparatively more follo\ved by the nitrogen and phosphorus. 
4.4.3 Yield and quality parameters 
The yield attributes including pods plant"', pod length, 100 seed weight, seeds 
pod'', seed yield plant"', biomass plant'', harvest index and seed protein contents were 
studied at harvest. Only significant data are described briefly below (Tables 69-71). 
4.4.3.1 Pods plant'' 
Pod production increased with wastewater (Table 69). It was enhanced 
14.67% by 100%WW and 9.06% by 50%WW over GW. The treatment, N10P20K30 
was optimum giving an increase of 38,02% over control. The increase with N5P10K15 
was upto 15.49%. The combination 100%xN|oP2oK3o was optimum and it was at par 
with 50%xNioP2oK3o. Also, GWXN10P20K30 was at par with 100%xN5PioKi5. 
Similarly, GWXN5P10K15 was statistically at par with 100%xNoPoKo. 
4.4.3.2 Pod length 
Wastewater irrigation was non-significant for pod length (Table 69). However, 
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Experimental Results 
an increase of 50.82% was recorded with full fertilizer dose, N10P20K30. While half 
dose gave an increase of 24.59% over control, this dose was at par with both full dose 
and control. 
4.4.3.3 100 Seed weight 
100%WW proved more effective in increasing 100 seed weight (Table 69). 
The increase was 4.13% over GW. While 50%WW gave 2.89% more seed weight. 
Out of the two fertilizer doses, N10P20K30 proved optimum and it increased 10.13% 
test weight over NOPOKQ. The interaction of 100% and full dose of fertilizer was also 
at par with the combination 50%xNioP2oK3o- Also GWXN10P20K30 with 
IOO%xN5P,oK,5 and GWxNsPioKis with 100%xNoPoKo gave similar effect 
confirming the importance of wastewater and its use as a source of nutrients. 
4A3^4_Seeds^odr|^___ ^ —^ 
This parameter showed an increase of 2.62% over GW with 100%WW 
irrigation (Table 70). The fertilizer treatment N10P20K30 proved optimum and gave an 
increase of 10.67% over NQPOKO. While half dose gave 5.69% more seed pod"'. 
Interaction was not significant. 
4.4.3.5 Seed yield plant' 
Both concentrations of wastewater enhanced the seed yield (Table 70) again 
indicating its beneficial effect. The increase recorded with 100%WW and 50%WW 
was 11.69% and 9.76% respectively. Like other growth and yield parameters, 
maximum yield was obtained with full fertilizer dose, N10P20K30 which gave an 
increase of 29.65% over NOPOKQ. The interaction combination 100%xNioP2oK3o 
proved optimum proving the findings of earlier experiments where these doses of N, P 
and K with 100%WW were more effective. However, significantly, GWXN10P20K30 
was also at par with 100%xN5PioKi5 confirming the author's assumption that some 
fertilizer economy can be made with applying the half fertilizer dose along with 
wastewater. 50%xN5PioKi5 was also at par with 100%»xN5PioK,5. Thus, 100% 
wastewater without any dilution may be utilized with lower dose of NPK. 
4.4.3.6 Biomass plant' 
Like seed yield, biomass was also increased with wastewater irrigation (Table 
70). However, 100%WW and 50%WW were equally effective therefore, dilution of 
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Experimental Results 
wastewater is not necessary. The increase recorded with 100% was 8.43% over GW. 
Full dose, N10P20K30 proved optimum and gave an increase of 20.80% over NQPOKO. 
The combination 100%xNioP2oK3o proved optimum. Here also GWXN10P20K30 and 
100%xN5PioKi5 was also at par and GWxNsPioKis gave similar effect as 
100%xNoPoKo. 
4.4.3.7 Harvest index 
Harvest index was not significantly affected by wastewater irrigation (Table 
71). Among fertilizer treatments, N10P20K.30 and N5P10K15 proved equally el'lective. 
The increase recorded with N10P20K30 was 7.20% over NQPOKO- Intcraclion was 
non-significant. 
4.4.3.8 Seed protein contents 
Protein contents were significantly enhanced with wastewater application 
(Table 71) showing the role of nutrietns present in wastewater specially the nitrogen. 
The increase recorded with 100%WW was 6.28% while with 50%WW it was 5.35%: 
The treatment where full fertilizer dose (N10P20K.30) was applied, an increase in 
protein content by 17.06% over NQPOKQ was recorded. This may be noted that with the 
application of wastewater a very important component of the pulse crop (protein) may 
be enhanced even upto 6.28% whereas with the application of inorganic fertilizers it 
can go even upto 17.09%, thereby showing the significance of this experiment. 
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DISCUSSION 
In the present study it was observed that the capacity of the crop to grow and 
develop fully was directly affected by the wastewater irrigation and nutrition. The 
important findings are discussed below. 
5.1 Inorganic fertilizers and plant nutrition 
5.1.1 Nitrogenous (Nitrogen) 
It is considered to be the most important plant nutrient as it is a major limiting 
clement for most plant species (Greenwood, 1982). Its role in cell division IUM] 
expansion (Gardner el aL, 1985; Gastal and Nelson, 1994) and as a component of key 
biomolecules (Salisbury and Ross, 1992; Lea and Gaudry, 2001) are well known. The 
data (Tables 8-23) therefore, expectedly showed an increase in growth and yield 
parameters due to N application, with 10kg N ha"' proving optimum. It may be 
pointed out that the growth is a result of meristematic cell division, expansion and 
differentiation which directly depends upon the supply and availability of nutrients 
(Moorby and Besford, 1983). In addition, plants require N throughout their 
development period as it is an important element of both structural and non-structural 
components of cell. It may also be pointed out that the consistent supply of the two 
forms of nitrogen present in wastewater (Table 5) could have played a key role in the 
enhancement of growth and yield parameters by maintaining adequate cation-anion 
ratio (Tang and Rengel, 2002). The beneficial effect of the wastewater with low 
fertilizer dose can also be explained on the basis of the higher requirement for N of 
the crop ranging from 20 to 40kg N ha"' in absence of the wastewater as determined in 
the study of Khare et al. (1988), Kumar et al (1993), Sharma et al. (1993), Rahman et 
al. (1994), Azad et al. (1995) and Kumar et al. (1995). 
Since Nio and N20 were at par in their effect for most of the parameters, the 
latter treatment may be at "luxury consumption", as it could not improve the growth 
further, while N40 proved deleterious as it decreased the plant height, fresh weight, dry 
weight, pod number and seed yield (Tables 8, 10, 11,21 and 22). It may be pointed 
out that toxicity due to application of higher doses of N as urea may occur at two 
Discussion 
stages (i) it may occur early and damage the young seedlings due to the accumulation 
of NH4 from hydrolysis of urea and (ii) established plants may be damaged due to the 
accumulation of NO2 (Court et a/., 1964). It may further be added that increasing 
levels of N beyond the optimum level may lead to an excess of soluble amino acids 
and thus could not be utilized for growth (Mengel and Kirkby, 1996). 
Similarly, the lower dose of N proved good for root formation (Table 12) and 
nodulation (Table 13). The proliferated roots of treated plants would have provided 
more surface area for bacterial infection. These results corroborate the findings of 
Wilson and Hallsworth (1965), Arrese Igor et al. (1997) and Nishiwaki et al. (1997) 
on nodulation and Harper and Gibson (1984) and Becana and Sprent (1987) on N-
fixation. Nitrate reductase activity has been shown to fluctuate in respect of (a) 
availability of the substrate in cytoplasm (b) level of functional NR including the 
availability of cofactor and metal ion and (c) activity level of functional NR 
(Campbell, 1999) therefore, increase in NRA due to nitrogenous fertilizer (Table 16) 
may be because of increasing absorption and translocation of N to leaves. This 
enhanced activity was capable of influencing the seed yield and protein content as it 
can control the rate of nitrate assimilation (Eilrich and Hageman, 1973). This was also 
proved in the present study where strong positive correlation coefficient values 
between NRA at three stages and seed yield at harvest (r = 0.963**, 0.884** and 
0.934 ) were obtained. The data (Tabic 17) revealed that this dose also cniianccd the 
activity of CA which is a zinc mctalloenzyme and catalyzes the hydration of CO2 
(Marschner, 2002). Increased CA activity could make considerable quantity of 
additional CO2 available for the process and thus for the synthesis of other 
compounds involved in photosynthesis such as chlorophyll, enzymes and co-enzymes 
(Henery, 1996). Nitrogen is also a major nutrient affecting the chlorophyll content 
(Moorby and Besford, 1983) which is generally related to yield (Reeves et al., 1993) 
as may be explained by the strong positive correlation values between chlorophyll 
content at three stages and seed yield r = 0.948**, 0.952** and 0.912**. 
The status of nutrients within plants may be assessed by leaf analysis as leaves 
may serve as a tool for diagnosing nutrient availability in the soil. Thus, the optimum 
dose of N also resulted in higher uptake of N by roots as indicated by N concentration 
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in leaves (Table 18). It may be due to the ready availability of N to plants. Increase in 
leaf P and K concentrations may be due to the synergistic effect of nutrients, with 
their higher concentration accelerating root proliferation. The resulted higher surface 
area may also be helpful in extracting more nutrients present near the root zone 
leading to higher dry matter production (Table 11). These results corroborate the 
fmdings of Russell (1973) and Murphy (1980). 
Yield of crop plants can be determined interalia by the ability to synthesize 
more photoassimilates and/or to partition them efficiently into the harvested organ 
(Dale, 1985), hence higher values for grov^^h and physiological parameters (Tables 8-
20) pods plant"' (Table 21), 100 seed weight (Table 21) and seeds pod"' (Table 22) 
culminating into higher seed yield (Fig. 3a). Strong positive correlations of pods 
plant"' (0.944**) and seed weight (0.945* ) with seed yield further confirmed the 
above observations. From the agricultural and human dietary point of view, proteins 
of pulse (up to 40% compared with 7-15% in cereals) have considerable significance 
(Lea and Gaudry, 2001). In the present study, seed protein content was also enhanced 
by Nio (Fig. 4a). It may be noted that in addition to urea, ammonium ions were 
present in the medium due to regular supply of the wastewater. Some ammonia can 
also be generated inside the plant as a result of metabolic pathways and symbiotic N 
fixation. Thus, the ready availability of ammonia may be helpful in the formation of 
organic molecules, like amino acids which are transported between different organs 
including the developing pods and seeds leading to increased protein contents. 
5.1.2 Phosphatic (Phosphorus) 
It stands second after N in plant nutrition and is also important for all forms of 
life because of its role in energy transfer via ATP. Besides this, it helps in leaf 
development, formation of seeds and maturation of crops (Patnaik, 1987), root growth 
and nodulation (Andrew, 1977). Among essential nutrients, it is often limiting due to 
low availability, therefore, its supply by any means may improve the growth and 
development as observed in Experiment II where P20 proved best dose for plant height 
(Table 24), leaf number (Table 25), fresh weight (Table 26), dry weight (Table 27), 
and nodule number (Table 29). The increased plant height and leaf number may be 
responsible for the sufficient production of photosynthate leading to higher number of 
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pods plant"', seed weight and seed yield (Table 37). Contrary to sufficiency level, 
plants suffering from its deficiency showed reduction in leaf expansion and leaf area 
(Freeden et al., 1987), number of leaves (Lynch et al, 1991) and low photosynthetic 
activity of various enzymes (Adeeva and Andreeva, 1994) thereby decreasing the 
growth and yield as may be observed in tables 24 to 38 where Pio proved deficient. 
While higher dose (P40) accounted for luxury consumption as it could not enhance the 
growth and yield further. 
P is particularly important for leguminous crops due to its influence on the 
activity of Rhizohium and nodulation. It has been observed that dinitrogen fixation is 
enhanced if the host plant is well supplied with P and K (Gukova and Tjulina, 1968; 
Wu et al., 1969; Mengel et al., 1974) as is also evident from table 29 where P20 was 
the optimum requirement. These results are also in accordance with the findings of 
Diener (1950) on nodulation and of Lynd et al. (1981) on legume growth and N-
fixation. 
The positive effect of phosphatic fertilizer on leaf NRA seems to be indirect. 
Its effect on phosphorylation and diversion of simple sugars for respiration may lead 
to the enhanced release of photosynthates and their oxidation producing more 
reducing power for N metabolism. Carotenoids were also increased by P application 
(Table 31). This increase in carotenoids might be due to the dependence of isoprenoid 
pathway on this element as the key enzyme geranylgeranyl diphosphate (GGPP) 
synthase makes the basic C20 unit from which all carotenoids are constructed 
(Buchanan et al., 2000). P application also enhanced N content of leaves (Table 34). 
In this regard mention may be made of Shaw et al. (1966), Andrew and Robins (1969) 
and Dradu (1974) who also observed increase in N concentration in tropical legumes. 
It may be attributed to the fact that the higher nodulation might have increased N 
content through more nitrogen fixation. Increase in root growlh due to the application 
of nutrients could enhance the surface area for the absorption of nutrients including P 
and K as observed in the present study (Table 36). Dev (1965) also reported an 
increase in K concentration due to phosphate manuring. 
The increase in seed yield due to P application (Fig. 3b) seems due to 
enhanced value for yield components such as pod number (Table 37) and seed weight 
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(Table 37). Correlation studies also confirm this proposition as seed yield was 
positively correlated with pod number (r = 0.099) and seed weight (r = 0.992"). The 
increase in seed protein content due to P application (Fig. 4b) may be attributed to its 
involvement in protein synthesis via supply of energy rich ATP. Further, the 
continuous supply of additional N and K through the wastewater in the present study 
might also have activated the conversion of organic acids and enzymes involved in 
protein synthesis. 
5.1.3 Potassic (Potassium) 
It is the only monovalent cation that is also indispensable for the living 
organisms. The nutritional need for K"^  centres on enzymes activation, membrane 
transport, anion neutralization and osmotic potential of cells (Mcngcl and Kirkby, 
1996). Like nitrogenous and phosphatic fertilizers, potassic fertilizer also enhanced 
the growth and nodulation of lentil, with K30 proving optimum while K45 at luxury 
consumption probably due to the presence of sufficient amount of K"^  in the 
wastewater (Table 5) in addition to its presence in the soil (Table 4) as well. 
Role of K on the phloem transport of sucrose may be responsible for K 
induced increase in growth rate and thus in metabolic activity of sink organs to utilize 
or to store photosynthates (Mengel and Viro, 1974, Conti and Geiger, 1982). 
Significant role played by K in the photosynthesis by increasing the growth directly 
and leaf area index thereby CO2 assimilation has also been studied by Wolf et al. 
(1976). Its application also helped in the root growth (Table 44) and N-fixation by 
increasing either nodulation or nodule activity. Studies on forage, grain and vegetable 
crops have shown maximum nodulation and growth under sufficient K supply as 
noted in the present study also (Tables 40-45). Mention may also be made of Jones el 
al. (1977) who observed an increase in size and number of nodules as well as pods in 
soybean due to the K application. 
Potassic fertilizers also enhanced physiological parameters under K30 (Tables 
46-52). Higher chlorophyll contents and carbon exchange rate in alfalfa leaves were 
also observed by Collin and Duke (1981) by K application. The effect of K on leaf 
NRA (Table 48) can be explained on the basis of its involvement in peptide bond 
synthesis (Webster, 1959) and in other energy releasing processes (Evans and Sorger, 
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1966). Potassium also enhanced the uptake of NPK. Increase in K contents was 
explained by Noggle and Fritz (1986) by increasing the external concentration of K. 
Variations in mineral contents including N and P are influenced by various factors ihc 
type of crop and varieties and growth habits of their root systems and finally ability to 
absorb nutrients as the chemical composition of the medium in which the plant is 
grown uffccls the mineral content of plant tissues directly when available at an 
optimum level. 
The increase in seed yield due to K application (Fig. 3c) may be explained on 
the basis of the enhanced growth, physiological and yield parameters (Tables 40-45, 
46-52 and 53-55) which were mainly responsible for the higher seed yield (Table 54). 
As evident from the data (Table 54), higher seed yield resulted from the development 
of heavier seeds and higher pod number (Table 53). It may be of interest to note that 
pod number and seed weight were the main contributing factors towards seed yield, 
which was also evident from their higher 'r' values (0.989 and 0.922 ) in relation to 
seed yield. 
K expectedly influenced the protein content also, with K30 proving optimum 
while Ki5 deficient. It may be emphasised that K is often described as the quality 
element of crops. It influences the quality of grains, forage, turf and horticultural 
crops (Pretty, 1980) by utilization of N and conversion of its compounds into true 
proteins. In addition, K activates several enzymes involved in proteins synthesis 
(Evans and Wildes, 1971). Its role in protein synthesis can also be studied under the 
fact that it promotes translocation of assimilates to the grains. 
In Experiments 1, II and III the fertilizer doses Nio, P20 and K30 proved 
optimum for lentil. These doses were further tested in Experiment IV against their 
half doses in combination (N5P10K15) and the former proved superior to the latter. 
This was due to the positive interactive effect of these nutrients when supplied at their 
optimums. Interactions according to Russell (1973) may be defined "if two factors arc 
limiting or nearly limiting growth, adding only one of them will have little elTccl 
while adding both together will have considerable effect". Similarly, Douldin and 
Sample (1958; 1959) concluded that primarily effect of banded N and P applied as 
fertilizer on P uptake was a result of its increased solubility. While Kilcher et al. 
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(1965) observed that combination of N and P resulted in higher yield than obtained 
under N alone. The additive effect of these nutrients on lentil has also been studied by 
Kumar et al. (1993), Sharma et al. (1993), Gwal et al. (1995) and Jain et al. (1995). It 
may further be added that the growth and yield of a crop is strongly dependent on the 
proper supply of mineral nutrients such as N (Greenwood et al., 1980), P (Barry and 
Miller, 1989) and K (Mengel et al., 1974) and the yield may be defined as the product 
of the number and weight of sink organs, such as fruits, grains and tubers. Often 
number of sink organs is affected most by these nutrients, e.g. number of kernels in 
wheat (Fischer, 1993), com (Uhart and Andrade, 1995), soybean (Grabau et al., 1986) 
or sunflower (Steer et al. 1984) as also evident in the present study where pods plant'' 
(Table 69), 100-seed weight (Table 69), seeds pod"' (Table 70) and seed yield (Table 
70) were significantly increased. 
5.2 Wastewater and Plant Nutrition 
Along with three essential major macronutrients (N, P and K), the wastewater 
also contained some other essential nutrients like S, Ca, Mg, CI and Ni (Tables 5 and 
6) which were also available to plants because of the regular watering (Chapter 3). 
Therefore, these nutrients could have contributed towards the enhancement of growth 
and yield parameters which ultimately led to the promotion of seed yield. Roles of 
these nutrients are well established in plants. For example, Ca helps in cell division 
(Schmit, 1981), elongation, selective regulatory functions of cell membrane and in 
symbiotic N-fixation (Lowther and Loneragan, 1968). In addition to this it acts as a 
second messenger in signal transduction (Marschner, 2002). S another essential 
nutrient present in the wastewater is the constituent of amino acids, several co-
enzymes and prosthetic groups and its deficiency causes decrease in the leaf 
chlorophyll content (Burke et al, 1986; Dietz, 1989). It is an essential constituent of 
proteins and therefore, its deficiency results in inhibition of protein synthesis. 
Similarly, Mg is an important constituent of photosynthesis assembly (chlorophyll) 
and is also required for the structural integrity of chloroplast (Halls et al, 1972). It 
also helps in phosphorylation and protein synthesis (Marschner, 2002). CI plays an 
important role in the opening and closing of stomata. It is also required in the cell 
division in leaves and shoots and plants deprived of it tend to exhibit reduced growth 
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(Hopkins, 1995). Ni although treated as a heavy metal more recently placed under 
essential elements may be another phloem-mobile element related to the utilization of 
N stored in compounds in seeds that require the cycling of N through urea during their 
catabolism upon germination because Ni is an essential component of the enzyme 
urease (Welch, 1981). An overview of different functions performed by these 
nutrients, indicating their beneficial effects on growth and development have 
therefore improved the seed yield (Experiments I-IV). Similar views on the effective 
wastewater utilization for increased production in various crops were expressed by 
Cordonier (1980), Khan and Varshney (1989), Goyal et al. (1995), Shukla and Moitra 
(1995), Pradhan et al. (2001), Ahmad (2004), Saeed (2004) and Shah et al. (2005). 
The ameliorative effect of N, P and K applied as fertilizers were more 
pronounced when applied with the wastewater. It was due to the nutrients obtained 
from the wastewater as pointed out earlier. For most of the parameters, 100%WW 
proved best in comparison with 50%WW and GW and thus can easily be utilized as 
an alternate source of irrigation without any dilution, with its application saving the 
precious fresh water. Therefore, the wastewater can directly be used without dilution 
as it is generally utilized away from the source and already diluted by way of mixing 
with the domestic wastewater thrown into the same drain (Fig. 2). 
The perusal of data (Tables 58, 61, 66, 68, 69 and 70) revealed that the effect 
of 100%WW with half dose (lOOroxNsPioKis) was at par with that of GWxfull dose 
(GWXN10P20K.30) proving our assumption that the wastewater can be considered as a 
source of some essential nutrients necessary for plants in addition to its use in 
irrigation and its disposal through agriculture. This assumption is further strengthened 
by data (Tables 58, 59, 66 and 70) where 100%WWxNoPoKo was at par with 
GWxNjPioKis in their effect proving further the nutrient value of the wastewater. 
Therefore, the wastewater application helped in minimizing the fertilizer consumption 
thereby decreasing the pollution load on the environment and also the expenditure 
involved on fertilizers. 
S.3 Plant response 
Apart from the positive effect of these nutrients on growth, yield and quality 
parameters, the comparison of growth response at different stages was also observed 
89 
Discussion 
in all experiments. Mention may be made of plant height, leaf number, plant fresh 
weight, dry weight and root length which increased progressively up to the last 
sampling. It may also be noted that growth parameters enhanced comparatively more 
from vegetative to flowering stages, than flowering to fruiting stages. This patterns of 
growth can be explained on the basis of the sigmoid growth curve, where growth is 
faster in the log phase. Nodules increased up to flowering and then decreased (Tables 
13, 29, 45 and 61). Such nodule development may be due to the fact that the 
competition for photosynthates remains confined initially to roots, nodules and aerial 
vegetative parts and with the beginning of fruit formation, sink provides more 
demanding site for photosynthates, thus creating shortage for the nodules as a result of 
which their degeneration starts. Contrary to above parameters, total chlorophyll 
contents (Tables 14, 30, 46 and 62), carotenoids (Tables 15, 31, 47 and 63), NRA 
(Tables 16, 32, 48 and 64) and CA (Tables 17, 33, 49 and 65) decreased with 
increasing age of the plants. It may be because of mobilization of organic and 
inorganic substance to sink accompanied with increase in leaf area causing further 
dilution. This leads to the fact that the density of photosynthetic pigments 
(chlorophylls) and enzymes (NRA and CA) per unit leaf area becomes lesser and 
lesser, as the plant approaches towards maturity. These results are in agreement with 
the findings Hesketh et a/. (1981) and Davies e( al. (1987). 
Similarly, leaf NPK contents also decreased with age. It may also be attributed 
to the exponential increase in growth (weight and volume) of plants due to which any 
farther increase in nutrients concentrations appears to be less when expressed on per 
unit basis (Moorby and Besford, 1983). Decrease in nutrient concentration with age 
was also studied by Gomide et al. (1969), Rhykerd and Overdahl (1972) and by 
Moorby (1977). In addition to this, the decline may be explained on the basis of the 
continuous assimilation of these nutrients translocated from vegetative parts by 
developing sinks (seeds). It may be pointed out that among the three nutrients, K 
accumulated more followed by N and P. In this context, it may be added as pointed 
out earlier that for higher plants, K is the most abundant cation of plant tissues 
(Huber, 1985) and is also absorbed at the higher rate by plants (Mengel and Kirkby, 
1982). 
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5.4 Conclusions 
1. Among N doses, Nio proved optimum while N20, at luxury consumption and 
N40, excessive for most parameters including seed yield and protein contents 
while 100%WW proved best particularly with Nio (Experiment I). 
2. Of P doses, P20 gave maximum values while 100%WW excelled other water 
treatments particularly in the presence of P20 (Experiment II). 
3. For most growth and yield parameters including seed yield, K30 proved better 
dose while K45, at luxury consumption and K15, deficient, however 100%WW 
surpassed others particularly in combination with K30 (Experiment III). 
4. Optimum doses of NPK (N10P20K30) when applied together proved more 
effective in comparison with their half doses (N5P10K15), however 100%WW 
enhanced values for most parameters particularly with N10P20K.30, with 
100%WWxN5PioKi5 and GWXN10P20K30 giving equal values (Experiment 
IV). 
5. Utility of 100%WW for crop cultivation can be attributed to the fact that it 
contained sufficient amount of nutrients thus minimizing the inorganic 
fertilizer requirement coupled with its alternate disposal on land through 
agriculture and also saving the depleting resources of fresh water. 
6. Analysis of the wastewater revealed its suitability for the irrigation as most of 
the values for the analysed parameters were generally within the permissible 
limits of FAO (1994) and CPCB (1995). 
7. Irrigation water having conductivities between 750-2250^ mohs cm'' be 
classified as medium to high saline and safe for irrigation (Mahida, 1981). 
Since the EC of the wastewater in the present study was about 1350 thus is 
safe for irrigation. 
8. Application of 100%WW significantly enhanced growth and yield parameters 
including seed yield over 50%WW and GW, therefore, there is no need of its 
dilution as the wastewater was already diluted with sewage water and 
household wastewater. 
9. Protein contents were also increased with 100%WW irrigation over 50%WW 
andGW. 
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10. Heavy metals (Cd, Cr and Pb) were within permissible limits but values for Ni 
increased the limit for irrigation water due to the mixing of nickel chrome 
plating industry of Aligarh city (Gupta, 2000). 
11. In the seed samples, Cr, Ni, Pb were within permissible limits while Cd was 
not detected (Pcndias and Pendias, 1984). 
12. The microbiological examination of the wastewater revealed the presence of 
some pathogenic micro-organisms due to which growers may also be warned 
to be careful during irrigation operations. 
13. Plant height, leaf number, fresh weight, dry weight and root length increased 
with increasing age of plants. 
14. Contrary to the above growth parameters, total chlorophyll contents, 
carotenoids, NRA, CA and leaf NPK contents decreased with increasing age 
of the plants, while nodule number increased up to flowering thereafter 
decreased. 
15. Among the three nutrients, K accumulated more in leaves followed by N and 
P. 
5.5 Proposals for future studies 
Although objectives mentioned in Chapter 1 were achieved satisfactorily still 
there are a few shortcomings in our opinion. 
1. These trials should also be undertaken in field conditions where the 
wastewater is available. 
2. Further study on microbiology of the wastewater may be undertaken. 
3. More heavy metals may be analysed in the wastewater, soil and plants as only 
four were studied due to limited facilities. 
4. Nitrogenase activity may be undertalcen to estimate N-fixation ability of 
legumes under wastewater application. 
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Chapter-6 
SUMMARY 
Chapter 1 (Introduction) emphasised importance of the problem and 
desirability and justification for undertaking the present study. 
Chapter 2 (Review of Literature) includes the available literature pertaining to 
the wastewater, its efiect on leguminous and non-leguminous plants and inorganic 
Icrlilizcr requirement of lentil [Lens cuHnaris L. Medik). 
Chapter 3 (Materials and Methods) contains the methodology and techniques 
employed for the four pot trials undertaken together with relevant data regarding soil, 
water and plant analyses. 
Chapter 4 (Experimental Results) comprises data analysed statistically and 
presented in the form of tables (8 to 72). The significant data are summarised below. 
Experiments I was conducted during the 'rabi' (winter) season of 2002-2003 
to study the effect of three concentrations of the water (GW, 50% WW and 100% WW) 
and four levels of N (0, 10, 20 and 40kg N ha"' in presence of a uniform dose P20K.20) 
alone or in combination on the performance of lentil cv. DLP-15. Among the 
concentrations of the wastewater, 100%WW proved superior for most growth, yield 
and quality parameters. N at Nio proved optimum, whereas N20 luxury and N40, 
excessive. Interaction 100%WWxNio surpassed others. 
Experiment II was also conducted along with Experiment I to study the effect 
of three concentrations of the water (GW, 50%WW and 100% WW) and four levels of 
P (0, 10, 20 and 40kg P ha'' in presence of uniform N20K20) alone or in combination 
on the performance of the same cultivar of lentil. Application of 100%WW proved 
more effective than others. Of P doses, P20 proved optimum, while Pio deficient and 
P40 at luxury consumption. Interaction 100%WWxPio out-yielded others. 
Experiment III was conducted during the winter season of 2003-2004 to study 
the effect of three concentrations of the water (GW, 50%WW and 100%WW) and 
four levels of K (0, 15, 30 and 45kg K ha"' along with a uniform dose N10P20 
determined in Experiment I and II) alone or in combiation on the performance of the 
same cultivar of lentil. We^tewater at 100%WW proved best for most parameters. K30 
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superseded others while K15 proved deficient and K45, wasteful. Interaction 
100%WWxK3o gave best results. 
Experiment IV was conducted during 2004-2005 on the same crop to 
strengthen the findings of the earlier three experiments (Expriments I-III). In this 
experiment, the effect of ground water and concentrations of the wastewater (GW, 
50%WW and 100%WW) and two combination of NPK (half optimum doses of NPK, 
i.e. NsPi()Ki5 and optimum doses of NPK, viz. NioP2()K.i() determined in Experiments 
I-III) was studied alone or in combination on the performance of the crop. The 
wastewater at 100%WW and N10P20K30 alone proved best for growth, yield and 
quality parameters. Among interaction, 100%WWxNioP2oK3o excelled others. 
However, the effect of interaction lOOyoWWxNsPioKis was at par with that of 
GWXN10P20K30). On the basis of the equal effectiveness of these two interactions it 
may be inferred that the wastewater has potential of providing nutrients to the crop. 
Thus, its application helps in minimizing the fertilizer consumption thereby 
decreasing the pollution load on the environment and also the expenditure involved on 
fertilizers and irrigation water. 
Chapter 5 (Discussion) includes critical observation of the results in the light 
of research work conducted by other farm scientists on cultivated leguminous and 
non-leguminous crops. Conclusions have been drawn in the end, with some proposals 
for future work. 
Chapter 6 (the present chapter) gives the glimpse of the entire study. It is 
followed by bibliography comprising of references cited in the text and an appendix 
ofreagents used. 
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APPENDIX 
l-Amino-2 naphthol-4 sulphonic acid 
0.5g l-amino-2 naphtliol-4 sulphonic acid dissolved in 195ml 15% sodium 
bisulphate solution to which 5ml 20% sodium sulphite solution was added. 
Alkali iodide azide reagent 
50g sodium hydroxide and 15g potassium iodide diluted to 100ml with DDW. 
Ig sodium azide dissolved in 4ml of DDW and added to the above solution. 
Ammonium acetate solution (IN) 
57ml glacial acetic acid was diluted to 800ml DDW and neutralized to pH 7.0 
with concentrated ammonium hydroxide and final volume upto 1000ml was 
made. 
Ammonium chloride-ammonium hydroxide buffer 
(a) 16.9g ammonium chloride dissolved in 142ml concentrated ammonium 
hydroxide (b) 1.179g of disodium EDTA and 0.780g magnesium sulphate 
dissolved in 50ml DDW. Both (a) and (b) solutions were mixed and diluted to 
250ml with DDW. 
Ammonium molybdate solution (2.5%) 
(a) 25.0g ammonium molybdate dissolved in 175ml DDW (b) Add 280ml 
concentrated H2SO4 to 400ml DDW and cool. Mix the two solutions (a) and 
(b) and final volume made upto 1 litre with DDW. 
Ammonium purpurate 
150mg ammonium purpurate dissolved in lOOg ethylene glycol. 
Bromothymol blue indicator (0.02%) 
0.002g bromothymol blue dissolved in lOOml DDW. 
Conditioning reagent 
50 ml of glycerol mixed in a solution containing 30ml concentrated HCl + 
300ml DDW + lOOml 95% ethyl alcohol and 75g sodium chloride. 
Cystein hydrochloride solution 
48g cystein hydrochloride dissolved in sufficient DDW and final volume was 
made upto lOOOml with DDW. 
Dickman and Brays reagent 
15g ammonium molybdate dissolved in 300ml warm DDW (about 60''C) 
cooled and filtered. To this 400ml of ION HCl was added and final volume 
was made upto 1000ml with DDW. 
Appendix 
Diphenyl amine indicator 
0.5g diphenyl amine dissolved in a mixture of 20ml DDW and 100ml 
concentrated H2SO4. 
EDTA (O.OIM) 
3.723 disodium salt of ethylene diamine tetraacetic acid dissolved in DDW 
and diluted to 1000ml. 
Erichrome blacks T indicator 
0.4g Erichrome black T ground with lOOg powdered sodium chloride. 
Ferroin indicator 
1.485g 1, 10-phenanthroline monohydrate together with 495 mg FeS04 
dissolved in DDW and volume was made upto lOOml. 
Ferrous ammonium sulphate (O.IN) 
39.2g ferrous ammonium sulphate dissolved in DDW. 20ml concentrated 
H2SO4 was added and final volume was made upto lOOOml. 
Folin's phenol reagent 
lOOg sodium tungustate and 25g sodium molybdate dissolved in 700ml DDW 
to which 50ml 85% phosphoric acid and 1 OOmi concentrated hydrochloric acid 
was added. The solution was refluxed on heating mantle for 10 h. At the end, 
150g lithium sulphate, 50ml DDW and 3-4 drops liquid bromine were added. 
The reflux condensor was removed and solution was boiled for 15 min to 
remove excess bromine, cooled and diluted upto 1000ml. The strength of this 
acidic solution was adjusted to IN by titrating it with IN sodium hydroxide 
solution using phenolphthalein indicator. 
Hydrochloric acid (IN) 
86.2ml hydrochloric acid mixed with DDW and final volume was made upto 
1000ml. 
Isopropanol solution (5%) 
5ml isopropanol mixed with 95ml DDW. 
Liquid ammonia (1:1) 
Ammonia having specific gravity of 0.88 diluted with equal amount of DDW. 
Manganous sulphate solution 
lOOg manganous sulphate dissolved in boiled DDW and volume was made 
upto 200ml. 
Methyl orange indicator 
0.5g methyl orange dissolved in 100ml DDW. 
Appendix 
Molybdic acid reagent (2.5%) 
6.25g ammonium molybdatc dissolved in 75ml ION sulphuric acid. To this 
solution 175ml DDW was added and the total volume was maintained upto 
250ml. 
Murexide indicator 
0.2g ammonium purpurate ground with lOOg powdered sodium chloride. 
N-(l-Napthyl) ethylene diamine dihydrochloride (NED-HCl) solution (0.02%) 
20mg nepthylethylene diamine dihydrochloride dissolved in sufficient DDW 
and final volume was maintained upto 100ml with DDW. 
Nessler's reagent 
3.5g potassium iodide dissolved in 100ml DDW to which 4% mercuric 
chloride solution was added with stirring until a slight red precipitate 
remained. Thereafter 120g sodium hydroxide with 250ml DDW was added. 
The volume was made upto 1 litre with DDW. The mixture was filtered twice 
and kept in an amber coloured bottle. 
Olsen's reagent 
42.Og sodium bicarbonate dissolved in 100ml DDW and pH was adjusted to 
8.5 with the addition of small quantity of sodium hydroxide. 
Plienol disulphonic acid 
This was prepared by taking 25 g pure phenol (CeHsOH, crystal white) in a 
conical flask (500 ml) to which 150ml concentrated H2SO4 and 75ml Aiming 
sulphuric acid were added and kept on boiling water bath for 2 hours. After 
cooling it was stored in amber coloured bottle. 
Phenolphthalein indicator 
0.5g phenolphthalein dissolved in 50ml of 95% ethanol to which 50ml DDW 
was added. Now 0.05N CO2 free NaOH solution was added dropwise till the 
solution turned faintly pink. 
Phosphate buffer (O.IM) for pH 7.5 
(a) 13.6g potassium dihydrogen orthophosphate dissolved in sufficient DDW 
and final volume was made upto 1000 ml with DDW (b) 17.42g dipotassium 
hydrogen orthophosphate dissolved in sufficient DDW and final volume was 
maintained upto 1000ml with DDW. Now 160ml of solution (a) and 840ml of 
solution (b) were mixed. 
Phosphate buffer (0.2M) for pH 6.8 
Dissolve 27.80g sodium hydrogen orthophosphate and 53.65g disodium 
hydrogen orthophosphate in sufficient DDW and 53.65g sodium hydrogen 
orthophosphate separately and final volume of each was maintained upto 
1000ml with DDW. To get pH 6.8, 5ml of monobasic sodium phosphate 
111 
Appendix 
solution was mixed with 49ml of dibasic sodium phosphate solution, and 
diluted to 200ml with DDW. 
Potassium chromatc indicator (5%) 
5g potassium chromate (K2Cr204) dissolved in DDW, and final volume was 
madeupto 100ml. 
Potassium dichromate solution (IN) 
49.04g potassium dichromate dissolved in IGOOml DDW. 
Potassium nitrate solution (0.2N) 
2.02g potassium nitrate dissolved in DDW and final volume maintained upto 
100ml with DDW. 
Reagent A 
0.5% copper sulphate solution and 1% sodium tarlarate solution mixed in 
equal volumes. 
Reagent B 
50 ml 2% sodium carbonate mixed with 1ml reagent A. 
Silver nitrate solution 
3.4g silver nitrate dissolved in lOOOml DDW. 
Sodium hydroxide solution (IN) 
4g NaOH dissolved in DDW and final volume was made upto lOOml. 
Sodium bicarbonate (0.2M) 0.02M sodium hydroxide solution 
16.8g sodium bicarbonate dissolved in sodium hydroxide solution (0.8g NaOH 
r') and final volume maintained upto 1000ml with sodium hydroxide solution. 
Sodium thiosulphate solution (0.025N) 
6.2g sodium thiosulphate dissolved in 1000ml DDW. 
Solvent mixture 
95% ethanol mixed with diethyl ether in 1:1 ratio, and neutralized just before 
use with KOH (IN) in presence of phenolphthalein solution as indicator 
Stannous chloride solution 
lOg crystalline stannous chloride dissolved in 25ml concentrated HCl by 
warming and then stored in an amber coloured bottle, giving 40% stannous 
chloride stock solution, just before use 0.5ml was diluted to 66 ml with DDW. 
Starch indicator 
Ig starch dissolved in 100ml warm (80-90°C) DDW and a few drops of 
formaldehyde solution were added. 
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Sulfanilic acid solution 
600mg sulfanilic acid dissolved in 70ml warm DDW. After additon of 20ml 
concentrated HCl, the volume was made upto 100ml. 
Sulphanil amide solution 
Ig sulphanil amide dissolved in 3N 100ml hydrochloric acid. 
Sulphuric acid (7N) 
190.4ml concentrated sulphuric acid mixed with DDW and final volume made 
to 1000ml. 
Sulphuric acid solution 
500ml concentrated H2SO4 added to 125ml DDW and cooled. 
Microbiological Properties 
1. Nutrient agar (g l') 
Peptic digest of animal tissues 5.00 
Beef extract 3.00 
Agar 15.00 
pH 6.8±0.2 
2. EC Broth 
Caesin enzymic hydrolysate 20.00 
Lactose 5.00 
Bile Salt mixture 1.50 
Dipotassium phosphate 4.00 
Monopotassium phosphate 1.50 
Sodium chloride 5.00 
pH 6.8±0.2. 
3. MacConkey Broth 
Peptic digest of animal tissue 17.00 
Proteose peptone 3.00 
Lactose 10.00 
Bile salts 1.5 
Sodium chloride 5.0 
Neural red 0.003 
pH 7.1±0.2 
4. Salmonella Shigella (SS) Agar 
Peptic digest of animal tissue 5.00 
Beef extract 5.00 
Lactose 10.00 
Bile salt mixture 8,5 
Sodium citrate 10.00 
Sodium thiosulphate 8.5 
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Ferric citrate 
Brilliant green 
Neutral red 
Agar 
pH 
5. Normal Saline Solution 
Sodium chloride 
Water 
pH 
1.00 
0.0003 
0.025 
20.00 
72 
0.8g 
00 ml 
6.8±0.2 
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Chapter- 5 
NUCLEAR AND MISSILE COOPERATION BETWEEN CHINA 
AND PAKISTAN 
Looking back, we find that Pakistan started formulating plans for 
development of nuclear energy as early as the mid fifties. In framing their 
programme Pakistan have kept in their mind how to catch up with the Indian 
nuclear programme. Reacting to the news of Indian nuclear test of May 18, 
1974 at Pokhran. Prime Minister Bhutto told the Pakistan National 
Assembly that it was a nuclear blackmail on the part of India and that 
Pakistan would not submit to the nuclear blackmail of India. He sent his 
foreign secretary to Peking for consultations over Indian nuclear test and for 
persuading the Chinese leaders to denounce India.' Even before the Indian 
explosion of 1974 Z.A. Bhutto was at his wits end when Homi J. Bhabha 
then Indian nuclear scientist broke the news that India could detonate a 
nuclear device within eighteen months. It was the time when China 
exploded its first nuclear weapon. Reacting to this news Z.A. Bhutto pleaded 
for Pakistan acquiring nuclear capability but president Ayub Khan at that 
time was not in favour of it. In view of the intensification and expansion in 
Sino-Pak cooperation in various fields between 1963 and 1965, Bhutto was 
hopeful of getting Chinese assistance in the nuclear field too. There is 
possibility to think that Bhutto's enthusiasm for nuclear capability might 
have impelled him to sound Chinese leaders about Sino-Pak cooperation for 
development of nuclear energy. Bhutto was also talking of building Pakistan 
as "the best fighting army in Asia". He was nursing thoughts of revenge 
against India for dismemberment of Pakistan. In February 1973 Pakistan 
started negotiating with France for the purchase of nuclear reprocessing 
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plant and a couple of years later it decided to acquire uranium enrichment 
technology through Dr. A.Q. Khan.^ In the mean time India carried out its 
implosion test in 1974 just after Bhutto's China visit. As mentioned earlier 
Pakistan termed it as a "move to blackmail Pakistan". Islamabad was 
expecting that Beijing would soon condemn Indian nuclear blast. But China 
reacted after a lot of persuasion by Bhutto. To embarrass India and to tarnish 
its image Pakistan denounced that 'as a concrete manifestation of its 
commitment that its nuclear installation and entire nuclear programme 
would be international inspection under the IAEA system of safeguards'* and 
submitted a resolution in the UN General Assembly for the creation of a 
nuclear weapon free zone in South Asia limited to the Indian subcontinent, 
i.e. excluding China. This move suited China very well and hence it 
supported Pakistan's proposal. A Chinese foreign office spokesman on 26 
June 1974 reassured the people of Pakistan that China would continue to 
lend full and resolute support to Pakistan in its just struggle against foreign 
aggression and interference, including nuclear threat and nuclear blackmail. 
The spokesman reiterated China's consistent position that "nuclear weapons 
should be completely prohibited and thoroughly destroyed and that, as a first 
step, countries possessing nuclear weapons, pledging in particular not to use 
them against non-nuclear countries and nuclear free zone.^ In the UN forum, 
too, China backed Pakistan's stand on nuclear issues. Thus on 02 October 
1974, China backed Pakistan's proposal for a nuclear free zone in South 
Asia, in UN General Assembly. Once again, on 4 November 1974, China 
reiterated its stand on the issue in the General Assemblies first committee. 
Chinese delegate said his government welcomed Pakistan's initiative for 
denuclearization of the South Asian region. 
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Washington did not immediately share Pakistan's concern over Indian 
nuclear test, nor did it support the proposal of nuclear weapon free zone in 
South Asia for a couple of years. While the US arms embargo was lifted, 
Pakistan was not given sophisticated weapons. To restrain Pakistan from 
going ahead with its nuclear weapons programme, Washington took some 
measures, including pressure on France to cancel the nuclear deal.' Li's 
Pakistan visit at this juncture was very meaningful for that country. He 
declared China's support "to the people of South Asia in their struggle 
against hegemonism and expansionism, to the proposal of Pakistan 
government for a nuclear free-zone in South Asia and the struggle of the 
people of Kashmir for self-determination.^ Bhutto was so much happy over 
Li's statement that he described the Sino-Pak friendship higher than the 
Karakoram and deeper than the ocean's. Following Li's visit Beijing became 
more responsive and sympathetic to Pakistan's defence requirements. China 
increased collaboration not only in conventional defence production but also 
agreed to help Pakistan in its nuclear weapons programme. 
Bhutto's Engagement of China: 
In view of the special affection of the Chinese leadership towards 
Bhutto as the architect of the "special relationship" and the politically fluid 
situation in china after the demise of the Mao, it appears that China 
continued to look favourably on Pakistan's quest for nuclear capability, in 
line with its perception of permanent interests in the sub-continent. Perhaps, 
the first pointer to the existence of a secret deal between Pakistan and China 
is contained in the last testament of Zulfikar AH Bhutto, which contains two 
significant excerpts : 
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"... In the light of the recent developments which have taken place, 
my single most important achievement which I believe will dominate the 
portrait of my public life is an agreement which I arrived at after an 
assiduous and tenacious endeavour spanning over eleven years of 
negotiations. In the present context the agreement of mine, concluded in 
June 1976, will perhaps be my greatest achievement and contribution to the 
survival of our people and our nation". 
"... Now we have the brain power, we have the nuclear power plan at 
Kashmir. All we needed was the nuclear re-processing plant. We were on 
the threshold of full nuclear capability".^ 
Bhutto's testament would indicate that negotiations with China began 
in 1965. At that point in time Pakistan's relations which China had become 
cordial as evidenced by the Chinese ultimatum to India during the Indo-Pak 
war of 1965. Earlier, in October, 1964, China had conducted its first nuclear 
weapon test. It is, therefore, possible that Bhutto had sounded the Chinese 
leadership on a possible Sino-Pakistan nuclear cooperation while he was a 
Minister in the Ayub government.'*^ The events of 1971 namely the Indo-
Soviet Treaty of Friendship, the dismemberment Pakistan and consequent 
emergence of Bangladesh, brought Pakistan and China much closer. These 
ties could have been further consolidated by the Pokhran explosion of May 
1974 because of the Chinese belief that India had gone or was about to go 
nuclear. 
Soon after coming to power Bhutto personally took charge of atomic 
energy affairs and started taking steps to accelerate Pakistan's nuclear 
programme. He lunched an ambitious programme of recruiting scientists. In 
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1972 and 1973 Pakistan concluded nuclear cooperation agreements with 
Canada. In 1973 Bhutto initiated talks with France for the purchase of 
nuclear fuel re-processing plant. In 1972 he was reported to have convened a 
meeting of scientists and defence experts to discuss Pakistan's nuclear 
options." It shows that Bhutto was determined to acquire nuclear weapons 
and with this end in mind, he pursued all options available to Pakistan, 
taking direct responsibility himself for the Atomic energy department 
between 1971-1977. He conceptualized Pakistan's weapon as a Islamic 
Bomb and sold this notion to radical Islamic leaders who were persuaded to 
provide cash strapped Pakistan with large sums of hard currency, in the 
initial years of Pakistan's no-holds barred efforts to steal or buy nuclear 
equipment, materials and technology from all corners of the world. It is no 
exaggeration to describe Zulfikar Ali Bhutto as the architect of Pakistan's 
nuclear programme. As regards China's help Bhutto can similarly be 
credited with having laid the foundation of Sino-Pakistan nuclear 
cooperation, which he had worked out with relentless zeal during his three 
visits to Beijing in February 1972, September 1974 and April 1976. 
The strong strategic consensus between Pakistan and China 
commonly referred as "special relationship" appears to have survived the 
internal turbulences as well as changes in leadership in both countries. It is 
known that a high level military cum scientific delegation led by Bhutto's 
and including Dr. Abdus Salam, who was then Bhutto's Scientific Advisor 
visited Beijing from may 26 to 30, 1976. Soon thereafter, in the first week of 
June, a high level Chinese scientists team visited Islamabad. It would 
therefore, be obvious that Bhutto's reference to a June 1976 agreement 
related to China.'^ It was during this very visit of China, that the first 
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important Sino Pakistan nuclear agreement was put into black and white, 
although details of this compact are still not available. According to scholars 
in this tleld, this agreement either provided Pakistan with a nuclear 
assurance or umbrella, or the promise of assistance in developing its own 
nuclear devices.'" It was this agreement also that seemed to lay the 
foundation for Sino-Pakistan nuclear axis. Here we need to repeat Bhutto's 
writing in his last testament which describes the significance of this 
agreement like this : ""In the present context, the agreement of mine, 
concluded in June 1976, will perhaps be my greatest achievement and 
contribution to the survival of our people and our nation.' 
The conclusion as to whether or not the above statement by Zulfiqar 
Ali Bhutto was indeed alluding to their nuclear cooperation with China can 
be substantiated by reexamining events that preceded and followed it. And, 
with the advantage of hindsight, the following circumstantial evidence 
seems to support the aforesaid interpretation of President Bhutto's 
contention. 
Firstly. Dr. Abdus Salam, Bhutto's scientific Advisor, had been part 
of Bhutto's team during his third visit to Beijing. The Nobel Prize winner of 
1977, Dr. Salam was the first most important brain behind Pakistan's 
nuclear efforts until Dr. A.Q. Khan replaced him and later came to be known 
as father of Pakistan's nuclear bomb. 
Close on the heels of Bhutto's China visit, a high level team of 
Chinese scientists had visited Pakistan. According to another recently 
released report by the US defence intelligence dated May 14, 1975 
"sometime before October 1974, the PRC assigned in developing its nuclear 
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science".'^ In March 1977, another team of Chinese scientists toured 
Pakistan and held meetings with Pakistani scientists. 
Thirdly, towards the close of 1975, Dr. A.Q. Khan had returned from 
Netherlands to start an ultra-centrifuge enrichment project known as project 
706. Considering later reports that Khan had been successful in stealing 
some of the important blueprints from those laboratories. The Chinese, who 
provide help to Pakistan had been working on centrifuge technology based 
on the European nuclear consortium's (URENCO) design. 
Fourthly, on January 29, 1977, China signed a protocol with Pakistan 
on scientific and technical cooperation. Chinese assistance for development 
of nuclear energy was implicit in the protocol. But there were speculations 
of similar pact on nuclear cooperation for purposes of nuclear deterrent 
though it is difficult to establish the truth in most of these reports. Their 
persistence and final outcome though should lend credence to their 
preordained sequence.'^ 
Interestingly the joint communique issued after Bhutto's visit to 
China made a rather pointed reference to the nuclear situation in the 
subcontinent. The Pakistan Prime Minister thanked the Chinese Prime 
Minister for China's firm support to the proposal of the Pakistani 
Government for a nuclear free zone in South Asia and expressed gratitude at 
China's willingness to assume appropriate commitments arising therefrom.''' 
While the commitments remained unspecified it involved important 
implications for Indian security and also sums up the nature of Sino-Pak 
nuclear relations. The import of the communique emerges in the context of 
the Indian nuclear explosion which Pakistan perceived as a threat to her 
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security and therefore mooted a proposal for zonal non proliferation. Apart 
from support for the proposal it underlines Chinese willingness to safeguard 
Pakistan that is vulnerable to nuclear aggression. In other words, it implies 
that China would not hesitate to confront India were she to use nuclear 
weapons against Pakistan. 
Post Bhutto Period : 
At that time Pakistan persuaded China to provide her with nuclear 
technology and planned a test explosion during December 1977. But six 
months before that General Zia ul Haque took over from Bhutto and the 
proposed nuclear project was put on the backburner. Referring to China-
Pakistan friendship, Late President Zia said : 
It is as old as the life of Pakistan and it has stood the 
test of time. We attach very special attention to our 
relationship with China... This relationship did not 
come about overnight. Both our countries have shed 
blood to cement this relationship between us. 
However, China's nuclear cooperation with Pakistan was to remain 
extremely piecemeal and was not to produce any quick results. As for 
China-Pakistan nuclear cooperation, after the departure of Bhutto was to be 
serious setback as this was to result in Beijing temporarily suspending its 
nuclear assistance. However, strategic scenario once again tilted in favour of 
Pakistan and created a position where the world leaders for non-
proliferation, the US, had to overlook and thereby encourage China's 
contmued assistance to Pakistan's nuclear and missile programmes. It is 
well known that the 1979 economic and military aid cut off was made on the 
basis of the 1977 Glenn-Symington Amendment. This amendment mandates 
the termination of assistance to any state that imported uranium-enrichment 
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equipment or technology of 1977 and refused to place its nuclear 
programme under International Atomic Energy Agency inspection. Pakistan 
contravened these provisions in 1979, by importing equipment for its secret 
uranium enrichment plant at Kahuta.^' 
However, it was only in December 1980 that the well known British 
author Edgar O'balance, claimed that in 1976 "Pakistan persuaded China to 
supply nuclear technology and apparatus". According to him china had 
suspended nuclear cooperation with Pakistan after the overthrow of Bhutto 
in 1977. But after the Soviet assisted coup in Afghanistan in April 1978, 
China suddenly became more friendly with Zia's regime in Pakistan and 
some nuclear laison was resumed". At that time there were press reports 
including the report in Nucleonics Week, regarding Chinese offer of nuclear 
cooperation following Geng Biao's visit to Islamabad in June 1978.^ ^ In 
1981, in the wake of the Soviet occupation of Afghanistan, the United 
States, for six years, suspended the application of the uranium enrichment 
sanctions provisions of the Glenn Symington Amendment to Pakistan and 
provided military and economic assistance to it. 
General Zia visited Beijing in August 1980. Close on the heels of this 
visit, reports appeared on the likely Pak-China collaboration on a nuclear 
test. The London based Labanese magazine, urubaval-Arabi, reported that 
China had "responded positively" to a Pakistani request to conduct a nuclear 
test on China's soil. The Arab-owned Days magazine also reported that 
following General Zia's visit, Chinese nuclear experts had arrived in 
Pakistan to "speed up Pakistan's first peaceful nuclear explosion". The 
positive features of such an arrangement would have been that test was 
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going to be conducted clandestinely, so that it may appear as test was 
Chinese. Buy that Zia's assurance, which he had given to President Reagan 
would appear to be honoured and the $ 3.2 billion US aid package would not 
be damaged. 
On the nature of China's nuclear assistance to Pakistan, a spate of 
reports have been appearing in the media in the last couple of years, most of 
them originating from US intelligence sources. In September 1982, the New 
York Times reported that the suspension of talks on the then proposed US-
China nuclear cooperation agreement was because of American suspicion of 
Chinese nuclear help to Pakistan and that it was related to uranium 
enrichment. Subsequently, the President of Washington's Nuclear Control 
Institute, Dr. Paul Leventhal stated before congress that China had 
transferred "sensitive nuclear weapon design information" to Pakistan." 
General Vernon Walters, former deputy Director of the CIA and US 
ambassador-at-large, specially flew to Beijing to seek assurances from 
Chinese leaders in regard to Beijing's assistance to Pakistan but he received 
no convincing assurances. On February 23, 1983, Howard B. Schaffer, 
Deputy Assistance Secretary of State, confirmed before the House Foreign 
Affairs, Asian and Pacific subcommittee the existence of a "nuclear 
relationship" between Pakistan and China. The House foreign affairs 
committee was given a closed-door briefing by US intelligence agencies on 
the extent, of Sino-Pakistani nuclear collaboration. 
As late as June 1984, the New York Times quoted US officials as 
saying that the US was in possession of "some evidence" to show that China 
had provided Pakistan with a Bomb design in 1983. They also said that the 
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design was "similar to the fourth type of bomb" exploded during the 
Chinese testing programme. London's Financial times front paged a report 
on July 17, 1984, again quoting American intelligence, saying that Chinese 
nuclear scientists were working at Pakistan's Kahuta centrifuge facility and 
that China had also passed on substantial quantities of enriched uranium to 
Pakistan, provision of test data by China was also reported.^^ 
It is significant to note that nowhere in his 200 page document listing 
out all his achievements did Bhutto refer even once to the super secret 
'project-706' (the Uranium project) that he initiated and v/hich was maturing 
by the time he was ousted. The paragraphs from his testament quoted 
earlier; if it was meant to be an oblique reference to this project, would have 
made the entire episode less mysterious. But he referred to the agreement of 
June 1976 as the one which would ensure the survival of Pakistan as a 
nation was it because Bhutto regarded the Chinese connection more crucial 
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than anything else for the success of project-706. 
It needs mention here, although US was showing concerns about the 
possible nuclear axis between China and Pakistan but after the Soviet 
intervention in Afghanistan it felt the need of Pakistan, who also played a 
willing conduit in supply of weapons to the Afghan mujahideen. As a 
consequence, Islamabad obtained a special consideration from both the US 
and China in building up its nuclear facilities. 
US concerns at this time were summarized in a 1985 declassified 
state department assessment of Sino-Pakistan nuclear cooperation. In 1986, 
China concluded a comprehensive nuclear cooperation agreement with 
Pakistan. That same year, Chinese scientists began assisting Pakistan with 
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the enrichment of weapons-grade-uranium, and China also reportedly 
transferred 'tritium' gas to Pakistan that could be used to achieve fusion in 
hydrogen bombs and boost the yield of atomic bombs. According to media 
reports the amount transferred was enough for making 10 nuclear 
weapons. After that, China supplied Pakistan with a variety of nuclear 
products and services, ranging from uranium enrichment technology to 
research and power reactors. China allegedly involved Pakistani scientists in 
a nuclear test at its Lop Nur test site in 1989. With the assistance of Chinese 
nuclear scientists at Kahuta, Pakistan's nuclear weapon efforts picked up 
momentum. According to Pakistan's former Army Chief, General Aslam 
Beg, the US administration had from 1987 to 1990 facilitated Sino-Pakistani 
collaboration by continuously issuing misleading certifications to the US 
Congress about Pakistani nuclear explosive capability, thus, permitting 
Pakistan to continue to receive economic and military aid. The fact that the 
Americans knew of the Sino-Pakistani collaboration was latter corroborated 
by Paul leventhal of the Nuclear Control Institute of the US. He pointed out 
that the Chinese had conducted a nuclear test at Lop Nur in Xingjiang in 
May 1983. in the presence of the Pakistani Foreign Minister, Yakub Khan^ *^ . 
Both the US administration and Soviet officials have severally 
asserted that China had definite role in Pakistan's nuclear weapons 
programme. Leslie Gelb, who held an important position in the Carter 
administration as also in the US intelligence services, is on record saying 
that China had provided Pakistan with the design of its fourth nuclear 
weapon test, which weighed less than a ton and could easily be carried by an 
aircraft like the Mirage III/V. F-16 or any of Pakistan's modern missiles. 
Similarly, in the Moscow World Service Report (English) of August 26, 
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1984, it was stated that China had "... made a direct contribution to the 
development of Pakistan's nuclear potential". 
In connection with Pakistan's nuclear and missile programmes, China 
has been accused by India, US and other western countries for not only 
transferring the nuclear and missile technology but the missiles too. 
However both China and Pakistan have been refuting these allegation. 
Although, Pakistan had signed an agreement with China in September 1986 
on the peaceful use of nuclear energy. This agreement includes the design, 
construction, and operation of nuclear reactors.^^ Other sources confirmed 
that the Chinese had supplied Pakistan the original design of their fourth 
nuclear bomb model, which was tested at Lop Nor in 1986. It was also 
reported that Pakistan had latter carried out "one cold test in September 
1986 in the hills west of Chagai in order to verify the Chinese design.•^ ^ 
According to a survey conducted by the International Hirald Tribune during 
late 1991, US officials described. Pakistan as the largest importer of China's 
nuclear technologies. It concluded that by this time, China had supplied 
Pakistan with enough weapons grade uranium to produce at least two 
nuclear devices, and Islamabad was possibly in possession of at least one 
nuclear bomb weighing only 180 kg.^'' During 1990's western powers were 
concerned with its nuclear scientists, blue-prints, materials falling in the 
hands of irresponsible actors. This resulted in efforts being made to plug all 
loopholes which China had used since early 1980's in supplying nuclear and 
missile blue prints, materials, equipments to Pakistan. This increased 
Pakistan's dependence on China, which even today continued its long 
standing 'special nuclear relationship' with Islamabad. Accordingly, despite 
Chinese promotion of non-proliferation, Beijing has continued to assist 
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Pakistan nuclear weapons programme. These were reports that on December 
31, 1991, China signed a contract to build the Chasma 300 MW nuclear 
power reactor for Pakistan.^^ As China pledged to only transfer materials to 
safeguarded facilities, Pakistan signed on IAEA safeguards (limited scope) 
agreement for the reactor at Chasma. Since 1993, China National Nuclear 
Corporation has been working on a 2300 MW power plant at chasma. 
When completed it will be the first example in the world of a non-western 
and developing country exporting a power reactor. 
Nevertheless, China did not at once desert Pakistan completely and 
there were reports in 1995 of China supplying a 40 mw heavy water research 
reactor for Pakistan's secret enrichment facility at Khushab. This breaked 
Pakistan's role dependence on its Kahuta enrichment facility. Moreover, 
adding to Pakistan's conventional approach for uranium bombs, this new 
facility was to produce plutonium and tritium which made possible for 
Pakistan to develop more advanced compart plutonium warheads for their 
missiles.'' 
A major proliferation controversy regarding Chinese nuclear trade 
with Pakistan includes the late-1995 export of about 5,000 specially 
designed ring magnets from the China Nuclear Energy Industry corporation 
(CNEIC) to an unsafeguarded Pakistani nuclear laboratory, which was 
allegedly involved in the nuclear weapons work. No sooner President Bill 
Clinton has signed on the Brown Amendment Act of 1996 that the 
Washington times and the Washington post published reports about new 
evidence on how Chinese firms had continued to assist Pakistan's 
unsafeguarded uranium enrichment programme. In early February 1996, 
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these newspapers reported, citing US intelligence sources that China had 
supplied 5,000 ring magnets to Pakistan which were said to have been sold 
to A.Q. Khan Research Laboratories in Kahuta in 1995. And this time 
round, unlike their standard denials, when it came to China's assistance to 
Pakistan's nuclear programme, representatives of China National 
Corporation (CNNC) told US diplomats in Beijing that they "could not 
confirm" the allegation that Chinese firms were assisting Pakistan's fissile 
material production/^ 
This show of innocence was scoffed at by China specialists in 
Washington, who believed that not even a pin could be exported from the 
people's Republic without the permission of the authorities in Beijing. '^^  A 
Chinese Foreign Ministry spokesman called the reports '"groundless" and 
warned the United States not to impose sanctions based on 'rumours'. 
Pakistan also denied that any transfer of sensitive nuclear technology had 
taken place.'" 
However, in the talks with US officials, China eventually conceded 
that the sale had taken place, but argued that China should not be penalized, 
for two main reasons. First, China insisted that China Nuclear Energy 
Industry Corporation (CNEIC) had arranged the sale without the knowledge 
or consent of the central government. Second, China argued that the ring 
magnets were not magnetized, and the Nuclear Supplier Group (NSG) 
Trigger list only covers ring magnets magnetized at a specific tolerance.'*^ 
Throughout, China continued to declare that it was a responsible state and 
did not support or encourage the proliferation of nuclear weapons. 
According to experts, these magnets were said to be used in special 
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suspension bearings at the top of a spinning chamber in the high-speed 
centrifuges which could double their capacity to enrichment uranium for 
weapons purposes. 
The resolution of the conflict came on 10 May 1996, when the US 
state department announced that it would not impose sanctions on China in 
exchange for a Chinese pledge not to provide nuclear assistance to 
unsafeguarded facilities, its reaffirmation of non-proliferation 
commitments'*^ (which places now severe restrictions on its nuclear 
collaborations with non-NPT signatories.) and its agreement to consult with 
the United States on export control and proliferation issues. On 11, May 
1996, China publicly made this pledge, and informally confirmed that its 
pledge covered the future transfer of ring magnets. However, the resolution 
of the ring magnet controversy did not end US concerns regarding the Sino-
Pakistani nuclear connection. Concerns remain about Chinese assistance in 
the construction of the Khushab reactor, and in August-September 1996 it 
was further reported that China had agreed to sell a special industrial 
furnace and high technology diagnostic equipment to a Pakistani nuclear 
facility, equipment which reportedly can be used in the construction of 
nuclear bombs.'*'' China denounced reports of the sale as "groundless", and 
US officials indicated that they were satisfied that China was making a real 
effort to comply with its 11 May 1996 pledge, and that these was not enough 
evidence to establish that China was in violation of that commitment. 
However going by reports about the aforesaid transfer of ring 
magnets, China seems to be partially using camouflage of these non-
proliferation regimes while continuing with its proliferation activities. Other 
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argument put forward is that China may have supplied Pakistan with enough 
materials, components and blueprints to ensure that its nuclear weapons 
established can now operate independently. This may be one explanation to 
China's rapprochement to Washington in recent years where Beijing has 
repeatedly pledged not to supply these sensitive technologies to either Iran 
or Pakistan. 
Some evidence suggests that China may have made limited direct 
nuclear transfers to Pakistan since the late 1990's. But the most likely 
explanation for this shift is not that China has accepted non-proliferation 
norms, but rather that Pakistan no-longer needs much assistance, as it has 
already acquired an operational nuclear force, thanks principally to previous 
transfers from China. Current transfers seem to be confined to dual use 
items in the missile technology area, which gives China the possibility of 
claiming that it is not directly violating its regime commitments.''^ 
A 1997 report by the Director of Central Intelligence stated that 
China was the primary source of nuclear-related equipment and technology 
to Pakistan during the second half of the 1996. Since then, the United States 
has urged China to end its nuclear cooperation with Pakistan entirely. The 
US Arms Control and Disarmament Agency (ACDA), in its 1997 and 1998 
annual report on arms control compliance, stated that based on Beijing's 
long standing nuclear ties with Islamabad, it was unclear whether Beijing 
had broken off its contacts with elements associated with Pakistan's nuclear 
weapons program."*^ Nevertheless the US concerns about Sino-Pakistani 
nuclear cooperation persisted throughout 1998 and into the new millennium. 
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The continued collaborations of China and Pakistan in civilian 
nuclear technologies can be held as another camouflage to continue China-
Pakistan nuclear weapons cooperation. China has recently been involved in 
building Pakistan's second 300-megawatt Chasma nuclear power plant, 
south of Islamabad, which could be used as camouflage for supplying of 
materials and components for the weapons programme. In recent years, 
China has supplied to Pakistan a 30,000 KW stabilizers and 30,000 KW 
streamers, as also large quantities of heavy water which have been suspected 
of being diverted to other unsafeguarded facilities, like the Khushab 
plutonium production reactor. Similarly, China's official news agency 
Xinhua had reported of China exporting Pakistan a sophisticated simulated 
nuclear power plant control Room which it said was aimed at training 
Pakistani technicians.^ ** China remains determined to supply nuclear power 
technologies to Pakistan, as also to build a second 300-megawatt nuclear 
power plant at Chasma. And confirmation of China's intent have come from 
the highest level since President Jiang Zemin's visit to Islamabad in 
December 1996.''^ This cooperation is vital for Pakistani to develop its 
civilian nuclear industry in the context of its refusal to safeguard all its 
facilities upto IAEA standards and regimes. 
The US Defence Department (DoD) has described Pakistan's 
capability to produce a nuclear reactor indigenously as "limited" in its 
Military Critical Technologies List. The DoD report noted that Pakistan 
would probably require assistance in obtaining or producing key nuclear 
materials, such as beryllium, boron, carbide, hafnium, zirconium, lithium, 
graphite and high purity bismuth. The report also found Pakistan's nuclear 
components, including furnaces, multi-stage light gas guns, transient 
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recorders, oscilloscopes, flash X-ray equipment, capacitors, pulse 
generators, high speed computers, and sophisticated electronics. 
Sino-Pakistani collaboration was evident in the visit to China by a 
Pakistani delegation immediately after the May 1998 Indian nuclear tests. 
The delegation hoped to gain Chinese nuclear guarantees and politico-
military backing. Nothing could have established the truth of China's 
assistance to Pakistan's nuclear tests of May 28 and 30, 1998. The glowing 
tribute that Pakistani leaders paid to China in their statements following this 
made Chinese-Pakistan nuclear cooperation far more obvious. Although the 
precise outcome of the meeting was not clear, it is believed that China was 
not opposed to Pakistan conducting nuclear tests in response to the Indian 
tests. Also, as first step towards preparing for nuclear tests, soon after 
India's tests on may 11-13 (1998), Pakistan Foreign Secretary, Shamshad 
Ahmed, undertook an unannounced visit to Beijing. This was followed by 
Pakistan conducting its nuclear tests on May 28 and 30, 1998 the details 
about which remain inconclusive. To make the China Pakistan links further 
clear the then Prime Minister Nawaz Sharifs address to the nation after the 
tests can be held as evidence. In his address he sounded so much grateful in 
describing their 'time-tested' relations with Beijing and said that "our 
friendship has been further strengthened"^^ China, Pakistan's main arms 
supplier, is widely assumed to have been Islamabad's key supplier of much 
of the clandestine technology used to establish it as a nuclear power in 1998. 
From the Chinese side, the coverage and condemnation of India's 
tests far exceeded China's response to Pakistani nuclear tests. The strongest 
words for Pakistan were that China "deeply regrets" its tests while India was 
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blamed for seeking "hegemony" in the South Asian region and flaunting 
international consensus for nuclear non-proliferation.^^ What China seems to 
completely ignore is that for variety of reasons Pakistan's weaponisation can 
prove far more dangerous and difficult proposition for all the non-
proliferation regimes. But what is worse is these weapons may unleash 
destruction without being actually used. The fact that China chose to ignore 
much of all this clearly betrays their bias in perception and policy. 
New insights into the level of Chinese assistance to Pakistan came 
about in early 2004 as a result of on-site investigations into Libya's nuclear 
weapons program, following Muammar al-Qadhdhafi's dramatic reversal on 
WMD programs in late 2003. As part of disarmament inspections, early 
Chinese nuclear weapons designs were handed over to IAEA inspectors by 
Libyan scientists, wrapped in plastic bags bearing an address in Islamabad. 
The possession by a third party of complete step-by-step instructions for a 
workable implosion-type bomb raised a new concerns over China's 
proliferation history with Pakistan, as notes included in the package of 
documents reportedly suggested that China continued to mentor Pakistani 
scientists on the finer point of bomb-building over several years following 
the technology transfers. Both China and Pakistan have refused to admit any 
knowledge of the transfer.'^ Times of India reacting to this shocking news 
placed it on the front page with title "Pakistan N-bomb has a Chinese tag" 
US has evidence of China Mentoring Pak on Finer Points. China's actions 
'were irresponsible and short-sighted, and raise questions about what else 
China provided to Pakistani's nuclear programme", David Albright, a UN 
weapons Inspector in Iraq, said "these documents also raise questions about 
whether Iran, North Korea and perhaps others received these documents 
from Pakistanis or their agents.^^ 
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The fact that Pakistan is continuously moving from one crisis to 
another has surely made Chinese alive to changing ground realities which 
has guided China's apathy towards Pakistan in recent years. Following the 
India and Pakistani nuclear tests in 1998, new signs emerged that China had 
permanently curtailed its military nuclear cooperation with Pakistan. In 
remarks to a seminar in New Delhi on Sino-India relations, China's 
ambassador to India Zhou Gang reiterated that China has not assisted 
Pakistan's nuclear programme, stating "non-existent is the issue of China's 
nuclear and missile proliferation to Pakistan" and that "'all cooperation 
between China and Pakistan in the field of nuclear energy is under 
International Atomic Energy safeguards". Zhou acknowledged that China 
was aware of India's concern's regarding China's nuclear assistance to 
Pakistan and that Beijing had taken "a positive, flexible and pragmatic 
approach and made proper readjustment of certain policies concerned.^ In 
the relaxed atmosphere of the nineties in China, Chinese scholars became 
more articulate and have admitted in private discussions that China did 
provide assistance to Pakistan in the nuclear sphere during the cold war 
years and it was a 'mistake'. This "mistake" viewed in the context of the 
current state of Pakistan with its fractured political system, failing economy, 
a society riddled with Islamic fundamentalism and heaven of International 
terrorism and sponsor of cross border terrorism, has turned out to be a grave 
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error. 
However if we look at the new developments in context of Sino-Pak 
special relationship with the end of the century, we will see that there is still 
life, for example Pakistan's Chasma nuclear power plant, which Chinese 
firms built, was commissioned began fuel loading in November 1999. The 
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300 MW power plant, modeled on the Chinese-design Qinshan-I, was the 
result of a 31 December 1991 agreement with China and was expected to get 
connected to the National power grid in the summer of 2000. Construction 
was begun n 1992 and will require annual shipments of one ton of low 
enriched uranium.^^ On 27 September 2000, China National Nuclear 
Corporation formally handed over the Chasma nuclear power plant to the 
Pakistan Hnergy Commission. In March of 2003, China and Pakistan signed 
a MoU to construct phase 2 of the Chasma facility - a second 300 MW 
power plant^^. On November 4, 2003 Musharraf the President of Pakistan 
secured a wide range of agreements with Beijing during his trip to China, 
these agreements include a $ 500 million loan, a preferential trade 
agreement and a formal extradition treaty. However, the most expected 
agreement between the two nations - a deal for the peoples Republic of 
China to participate in the building of a nuclear plant in Pakistan - was 
never finalized. Chinese foreign ministry officials say that consultations 
"were continuing". The first stage of the deal, as already mentioned, had 
already been completed with China helping Pakistan to build the first part of 
the Chasma nuclear power plant in the Punjab province, which is located in 
Eastern Pakistan and borders India. If completed, it would allow Islamabad 
to produce enriched plutonium while maintaining its status as a non-
signatory to the Non-Proliferation Treaty. Although the agreement between 
the PRC and Pakistan was never signed, China still supplies Pakistan with 
nuclear weapons and ballistic missiles. However Chinese foreign Ministry 
spokesman Liu Jianchao told reporters in Beijing on November 18 that 
"China is not engaged in proliferation of nuclear technology. He said the 
cooperation between China and Pakistan in the nuclear energy cooperation 
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is purely for peaceful purposes and does not violate any non proliferation 
obligations or China's export controls. We are also willing to have the 
international Atomic Energy Agency safeguards". But Beijing officials also 
admit that the government cannot fully control what individual firms sell to 
countries like Iran and Pakistan, although it says steps have been taken to 
educate these firms of missile related export regulations, such as a national 
training course on export controls in February 2003. Nonetheless, 
Washington has imposed economic sanctions on a number of Chinese firms 
accused by links to Pakistan, Iran and North-Korea.^° 
Despite the veil of secrecy, a considerable number of distinguished 
scholars have documented China's help to Pakistan. This has included the 
provision of nuclear weapons design information, test data, heavy water and 
the sitting up of enrichment facilities.^' China is having full knowledge of 
the fact that its sale of sensitive technologies to Pakistan is seen by India as 
a hostile action and a major threat to its security. 
One explanation for China's continuing role in Pakistan's nuclear 
programme is that in exchange for their help the Chinese have been given 
access to Pakistan's imported CANDU reactor technology, transferred to it 
by Canada, as well as access to the blueprints stolen by Dr. A.Q. Khan from 
URENCO in the Netherlands. Pakistan has succeeded in acquiring a vast 
range of equipment and technology, clandestinely and otherwise, from a vast 
range of sources - sources which China may have had difficulty in tapping, 
particularly in the seventies and the early eighties. The continuing Sino-
Pakistan collaboration confirms Indian suspicions that Chinese hostility to 
India is not over. US-Senator Connie Mack alluded to this when she stated 
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on the senate floor on June 16, 1998, that "China may be too preoccupied 
today to directly threaten India, but they need only employ Pakistan as a 
surrogate belligerent to jeopardize India's security. 
According to Robert Ross, China continues its support for Pakistan 
by supplying nuclear and missile technology because "China views a 
credible Pakistani deterrent as the most effective way to guarantee the 
security of its sole ally in southern Asia against Indian power". China views 
its relationship with Pakistan as somewhat similar to the U.S. relationship 
with Israel." 
Further Peking may have realized that when Pakistan was getting 
nuclear apparatus from other countries there was no point in not offering it 
what China could spare. The difference, however, lay only in the context to 
which China could go. The other nuclear powers observed some reservations 
in their dealings and China tried to bridge the gap which they left 
unattended. In return. China found in Pakistan an ally who was prepared to 
go a long way in helping it with all diplomatic support on issues on which it 
often found itself isolated. Moreover, China was the only nuclear power 
which was not barred by any of the conditions that governed nuclear 
exports. Also China was not a member of the London based nuclear supplier 
group, nor was it a party to the non-proliferation treaty^'' until 1992. 
Missile Collaboration ; 
The end of the cold war and the withdrawal of Soviet troops from 
Afghanistan changed the region's geo-strategic map. Not withstanding these 
changes, Pakistani aspirations remained unchanged and Sino-Pakistani 
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military co-operation deepened. The two countries cooperated closely in 
missile development, otherwise a forbidden sector in the global arms bazaar. 
The history of Pakistan missiles development can be traced back to 
the formation of the Space and Upper Atmosphere Research Commission 
(SUPARCO) in 1961.^^ China has been viewed as the most critical partner 
in building Pakistan's delivery systems for its nuclear weapons, especially 
its missile inventories which have made an impressive progress since late 
1980"s. In 1988, the Chinese are believed to have helped Pakistan developed 
the Hatf I and Hatf 2 missiles, with 80 kilometers and 300 kilometers 
ranges, respectively. Starting from 1989 when Hatf I and II were displayed 
in the national parade, China has been known for having assisted Pakistan 
with their guidance systems. On February 05, 1989, a few months before the 
first test tiring of India's Agni Missile, Pakistan's Chief of Army Staff, Gen. 
Aslam Beg^ '^, announced the testing of two types of missiles, called hatf. A 
Section of the western media believes that work on these missiles was 
started in the early 1980s but there is proof that it began in 1974 when 
Zulfikar AH Bhutto was Prime Minister of Pakistan. Hatf I was a Ballastic 
Missile with 80 km range, its development was based on French technology. 
A report in 1992 suggested that the Hatf-IA, with a range of 100 kms, was 
also being developed. The launch weight of Hatf-I is assumed to be around 
1,500 kg. The missile can carry a payload of 500 kg. The Pakistani 
authorities describe the Hatf-II as a ballistic missile with range of 300 kms. 
The weight of the Hatf II is believed to be 5,500 kg at launch and the 
payload capacity is estimated at around 500 kg. The Hatf-III is believed to 
have a range of 600-800 kms. It has a guidance system which is not very 
sophisticated. In December 1990, when the Pakistan Army chief stated that 
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Pakistan had tested a long-range ballistic missile, it was widely believed that 
this was the Hatf-1II^^ In 1997, Pakistan claimed that it had tested the Hatf-
III^^, but many in the International strategic community voiced doubts that 
such a test had been successful. 
Because of Pakistans weak scientific base, it had to rely heavily on 
outside help. Several studies and reports held that foreign involvement in 
Pakistan's missile developments started after the formation of space and 
Upper Atmosphere Research Commission (SUPARCO). Infact it were 
western countries which provided the critical support in the beginning. It is 
being held that some of the technologies acquired for the SUPARCO were 
transferred to the development of the Hatfs. Apparently sensitive and 
prohibited material which led to the Pakistani development of missiles at its 
earliest was flowing from western countries including the U.K., Norway, 
France and Germany. °^ However China has been Pakistan's most important 
and predominant source of foreign technological support for its missile 
development effort. 
Thereafter the two countries - Pakistan and China - signed a 
memorandum of understanding with each other in 1989 and entered into a 
10 year tie-up involving military procurement, R and D technology transfer 
and co-production. In September 1990, China concluded an agreement to 
supply M-II missile technology and components to Pakistan.^' China 
encouraged Pakistan to develop its own guidance system for the Hatf-II^^, 
though its standard was extremely poor, as admitted by General Aslam 
Beg.^-' In 1989, Pakistan officials informally acknowledged that 30 per cent 
of the components for the ANZA system were being fabricated with Chinese 
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help.^'' In 1990, there was a report that Pakistani scientists were being 
trained by Chinese scientists/^ Also in 1990, there was news that China 
wanted to sell its M-9 missiles, with a range of 600 km, to Pakistan. The 
news was based on a US navy report.''^ In March 1991, it was disclosed that 
China had supplied M-11 missiles to Pakistan'''. The supplied items were 
mobile launchers and dummy missile frames . Besides China has directly 
supplied missiles and, reports about supply of M-11 missiles which breached 
china's commitment to missile Technology Control Regime (MTCR) have 
persisted despite being constantly denied by both sides. Occasional, US 
intelligence leaks to the press and repeated US sanctions on China and 
Pakistan on this account have been the most visible evidence of this axis. In 
opposition to these deals the US government in June 1991 slapped Missile 
Technology control Regime (MTCR) sanctions on two Chinese companies -
the Great Wall Industries Corporation and Precision Machinery Import 
export corporation - for a two year period. But these sanctions were revoked 
only eight months later in February 1992, with China proclaiming to 
conditionally adhere to the MTCR policy guidelines. In this context, the 
Chinese foreign Ministry stated that : 
It would only sell weapons intended to build-up self 
defence capabilities and would prohibit sales of arms 
that would endanger regional stability or used to 
interfere in the affairs of these countries.'^ 
Besides, both China and Pakistan have occasionally conceded to their 
missile cooperation though these admissions remain invariably sporadic, 
indirect and belated. In May, 1991 China confessed to the US under 
Secretary of State, Robert M. Kimmit, that it had sold ballistic missile to 
Paksitan.^ *^ 
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China was believed to having contracted Pakistan during 1980's to 
supply it about three dozen (36) M-11 missiles as also to build a missile 
manufacturing facility.^' Throughout China took the precaution of not 
stating that the missiles transferred to Pakistan had crossed the parameters 
laid down by the missile technology Control Regime (MTCR). The 
Pakistanis were optimistic about overcoming American resistance to these 
arms transfers. They unofficially maintained that the supply of M-11 would 
go on uninterrupted. Much later, in 1994, the President of Pakistan, Farooq 
Leghari, officially confirmed that Pakistan had purchased missiles from 
China, though he contended that missiles were within MTCR parameters. 
In January 1992, it was reported that China had transferred to Pakistan 
guidance units to be used for flight control of the M-lls . In 1993, Mirza 
Aslam Beg stated that the M-11 could be the best carrier for Pakistani 
nuclear weapons. In August 1993, as there was definite evidence of the 
transfer of M-11 missiles, the US imposed sanctions on China and Pakistan 
under category II of the MTCR. The Chinese reaction to this latest US move 
was that the MTCR being a bilateral and not an international understanding 
between them (i.e. US and China) would not possibly apply to China-Pak 
relations. However, the sanctions against China were lifted in November 
1994. There was no waiver for Pakistan.^^ 
The real danger to India from the M-11 missiles positioned in 
Pakistan would be considerations involving its range. The M-4 being a 
liquid fuelled missile incorporating additional components can extend its 
range to 1500 km. Moreover the absence of any credible anti-ballistic 
missile defence system makes a target country extremely vulnerable to such 
an assault. 
228 
There have been press reports about China having supplied anywhere 
between 34 to 84 M-U missiles and Chinese technicians having visited 
Sargodha and Tarwanah missile facilities to unbundle and assemble these 
missiles as also to train Pakistani personnel to handle these. These reports 
were first published in Wall Street Journal in 1994. However, former CIA 
officials now claim that Clinton administration avoided heavy sanctions at 
that time to avoid to prevent US-China bust up. 
On 25 August, 1996, an American newspaper published a news item 
that in early 1995, China had again sent missile parts to Pakistan. The 
transfer of blueprints and equipment to a facility in Tarwanah in 1996 was 
also brought to light. According to the Congressional Research Service 
Issue Brief, the construction work for the Tarwana missile facility was 
started in 1995 and was expected to be completed by 1997. According to a 
1997 Time report, the CIA has concluded that China helped Pakistan 
establish a factory to manufacture M-ll SRBM's (Short Range Ballistic 
Missiles) near Rawalpandi in addition to supplying 30 ready to launch M-
11's that are stored at the Sargodha air base near Lahore. These missiles 
delivering a payload of 1,100 ponds (500 kg) to a range of 185 miles (300 
km) could be ideal for Pakistani nuclear weapons and can be targeted on 
Indian cities near the Pakistani border.*^ 
Analysis of different reports indicates that the deal between Pakistan 
and China was struck sometimes in the 1980's. Most reports indicate that it 
was in 1988. On august 22, 1994, it was reported that Pakistan was ready to 
pay $15 million to China as partial payment for its contract with the China 
precision Machinery Import and Export Corporation.^' In 1992, when China 
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had supplied actual missiles and some M-11 components, Pakistan paid yet 
another installment of $85 million^". The total cost of the M-11, according 
to one source, is $ 185 million. Besides, Pakistan is believed to have paid 
$516 million to China for the supply of missile technology.^' 
Undoubtedly, the information regarding the transfer of Chinese 
missiles to Pakistan is largely based on US intelligence reports leaked out by 
the American media. However, there are other evidences as well, like 
statement of leaders of the China and Pakistan on the transfer of missiles, 
and to assist Pakistan in different countries for sensitive missile materials, 
suggests that missiles were indeed transferred from China to Pakistan. 
Moreover, the resemblance between the technical characteristics of the M-
11 and the Hatf-II further establishes this fact. 
Pakistan had relied on the outright purchase of Missiles because its 
indigenous missile development programme failed to take off. It can be held 
that perhaps initial supply of missile technology and components would 
have been for an indigenous missile development programme. But when 
Pakistan failed to develop it began to take it readymade. It is said that most 
of the missiles transferred to Pakistan are complete systems. It is also 
possible some of these missiles are to be assembled in Pakistan so as to 
reduce detection risk and avoided the complications of transporting 
complete systems. It is also possible that by getting Pakistan to assemble the 
missiles, China is fulfilling the terms of the contract according to which it 
was supposed to train Pakistanis in the art of making missiles^^. 
In 1997, when Pakistan claimed to have test launched the Hatf-III, no 
one in the strategic community believed that Pakistan could have tested a 
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missile with a range of 800 km, when it had failed to test or launch missiles 
in lesser categories. Actually the, Hatf-III is nothing but the M-9 missile of 
China. The Indian and western media have reported many times that the M-9 
has been transferred to Pakistan. '^^  
In 1997, when Pakistan claimed to have test fired the ANZA and 
Baktar Shikan, the Indian strategic community refused to accept the claim 
and maintained that they were basically Chinese missiles with Pakistani 
names. In the same year, the American office of Naval Intelligence (ONI) 
reported that the market for Chinese cruise missiles had expanded in the 
previous two years. Pakistan was marked as China's favourite customer.^^ 
Since 1998, Pakistan reportedly received China's support in serial 
production of the Shaheen-I SRBM and Shahen-2 MRBM, including 12 
shipment of missile components and the building of a second missile plant.^^ 
These supplies seem to be occupying even as Pakistan and India have been 
engaging in nuclear Saber rattling. China has continued these activities 
despite the conclusion of many analysts that the possibility of nuclear war in 
south Asia has increased since 1998. 
On 6 April 1998, Pakistan successfully tested a new medium range 
surface to surface "Ghauri" missile with a range of 1,500 kilometers. 
Washington is examining any role China may have had in the development 
of "Ghauri" missile in violation of China's commitment to abide by the 
MTCR guidelines. There was little doubt that the technology for the missile 
system came from China. Infact, soon after the test of the Ghauri missile 
system came from China. Infact, soon after the test of the Ghauri missile, 
Pakistan media reported that the missile was developed with Chinese 
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technology and some of the reports quoted the western diplomats as saying 
initial technology" for the weapon came from Beijiing.^^ Moreover there 
was a brief controversy over the source of technology, with Islamabad 
saying it was indigenous, with China denying the any assistance to Pakistani 
missile development programme and some American reports hinting at the 
North Korean connection. However it was soon believed that Washington 
has been trying to whitewash the Chinese connection in view of the 
scheduled US-China Summit in Beijing in June this year (1998). The fact 
remains that even if there was a North Korean angle to this issue, China's 
hand would surely be involved in such a deal. 
If one were to believe various experts than the Chinese collaborations 
with Pakistan's missile programmes has never really been completely 
halted, only slowed down sporadically. According to intelligence leaks in 
US media as late as 2001, China National Machinery and Equipment import 
and Export Corporation. (CMEC) had been supplying missiles components 
for Pakistan's Shaheen-I and Shaheen-2 projects.^^ Infact so many studies 
have continued to reenforce the thesis of a sustained co-relation between 
occasional successes of China's new missile development projects or their 
abandonment) followed by Islamabad announcing the successful 
development of similar missiles.^^ 
One most intriguing element of Pakistan's missiles development 
programme has been the fact that Pakistan has never had any failures in its 
missile tests. This remains a mystery, unless these have been pre-tested 
technologies by a third country i.e. China'°° In that case, Pakistan's 
confidence in these pre-tested technologies remains particularly critical as 
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all of these happen to be nuclear capable missiles technologies. On June 10, 
1998, Raja Zafarul Haq, the leader of the House in Senate and the minister 
for religious affairs, informed the Pakistani Parliament that Pakistani 
missiles has been tipped with nuclear war-heads'°' Mr. Haq's statement has 
vindicated India's decision to develop a credible nuclear deterrent of its 
own. The final provocation for India's tests, however, was the test-firing of 
the Hatf-V or Ghauri missile. Soon after the test, the Indian defence 
Minister described China as the mother of the Ghauri. Some commentators 
voiced fears about the start of a nuclear arms race in South Asia in the wake 
of Pakistan's missile testing, which they felt was conducted as a response to 
the Indian testing.'"^ 
Circumstantial evidence indicates to China as only ally which 
Pakistan may be willing to rely on so strongly. Besides, China may have 
also directly or indirectly facilitated Pakistan's missile cooperation with 
other countries like North Korea which has been another major subject of 
debate in recent years. "^ ^ Reports appeared in October 2002 suggesting that 
Pakistan had been transferring nuclear materials and technology for uranium 
enrichment to North Korea since 1997. In return, Pyongyang has supplied 
Pakistan with Nodong MRBMS. Pakistan offers North Korea the best 
possible source for nuclear technology, given Islamabad's need for missiles 
as delivery system for its nuclear weapons. China's direct job in the North-
Korea- Pakistan relationship remains unclear, although some speculate that 
China tacitly approves these transacfions. U.S. made C-130 transport 
aircrafts used in barter deal between North Korea and Pakistan, have made 
stops at Chinese air bases on their trips between Pakistan and North Korea. 
Strong evidence also indicates that the Nodong MRBM is a copy of the 
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For all practical purposes, China has intervened in South Asian affairs 
by supplying nuclear and missile technology to Pakistan, and has tried its 
best (till now) to alter the strategic balance in its favour and its long term 
ally Pakistan to undermine India's natural predominance in the region. John 
Graver is right in writing that China wants to keep Pakistan independent, 
powerful, and confident in order to present India with a standing two front 
threat. If India subordinates Pakistan, its position against China would 
become much stronger, reducing China's power in South Asia.'"' The 
Chinese calculation appears to be that, while India is preoccupied with 
Pakistan, New Delhi may not be able to develop long range military 
capabilities, especially to missile and naval systems, to match those of 
China. This is a short-run calculation, however, as Chinese assistance to 
Pakistan seems to be having a galvanizing effect on India's determination to 
develop capabilities that can match those of China. 
It can be held that China's continuing large support for Pakistan's 
national development efforts and the continuing transfers of technology for 
conventional/Nuclear Arms building is most likely part of a larger game 
plan. It is possible that China has been demanding certain strategic 
concessions from Pakistan in exchange for the transfer of forbidden items. It 
is also possible that Pakistan is being used as a base by China. Nevertheless, 
Sino-Pakistani cooperation in defence and military, nuclear and missile 
technology needs to be understood with its strategic impact on India's 
security. 
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Chapter- 6 
INDIA'S SECURITY CONCERNS VIS-A-VIS SINO-PAK 
COLLABORATION 
The sixties continued for India a decade of insecurity. The decade 
which began with the border conflict with China in 1962 witnessed a 
heightening of the Chinese threat as a result of its conventional nnilitary 
buildup, and a network of roads and communication systems in the 
strategically important Tibet-Sinkiang region, acquisition of nuclear 
capability in 1964 and challenge to India's power and position in South and 
southeast Asia followed by its support to North-eastern India. What added to 
the India's threat perception was the growing military strategic linkages 
after 1963 between China and Pakistan. 
The boundary agreement between China and Pakistan in 1963, the 
Chinese ultimatum to India during the Indo-Pakistan war of September 
1965, the military support China gave to Pakistan during the war and finally 
its arms transfers to Pakistan in the post 1965 period bear a witness to the 
strategic designs of China and Pakistan vis-a-vis India. The image of the two 
enemies - Pakistan and China individually and in unison-threatening the 
security of the country dominated the minds of the Indian decision makers 
during this period. 
One of the significant developments in the international strategic 
horizon in the early seventies impinging upon India's security was the Sino-
American normalization initiated by Henry Kissinger in the summer of 1971 
and the consequent emergence of strategic axis. This coincided with the 
deteriorating of India's security ambience at the contiguous level brought 
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about the influx of refugees from East Pakistan to India and the belligerency 
of the Government of Pakistan and finally the outbreak of war in December 
1971. Evidences are now available as to the manner in which Chinese and 
the American's supported Pakistan against India in the winter of 1971. 
India's response to the Sino-American strategic challenge came in the 
form of a strengthening of its relationship with the former Soviet Union. The 
Indian decision makers felt an optimum response to the complex challenges 
to the country's security resulting from the coming together of China-
Pakistan and the United States, required not only adequate defence 
preparedness, but more importantly forging a strategic relationship with an 
external power friendly to India. Soviet Union which was feeling encircled 
by the Sino-American strategic understanding turned out to be the ideal 
choice - the result was famous Indo-Soviet friendship treaty of August 
1971. The treaty not only constituted a countervailing force to the Sino-
American and Sino-Pak strategic collaboration but also served India's 
security interests, without compromising on Non-Alignment^, by acting as a 
deterrent against Chinese or American interference in the December 1971 
war. 
The Indian security position improved considerably after 1971 
following the establishment of its prominent position in the sub-continent; 
the Simla Agreement with Pakistan, the attainment of Nuclear Status 
resulting from the peaceful nuclear explosion of May 1974, the Kashmir 
Accord with Sheikh Abdullah, the integration of Sikkim with Indian Union 
and finally the ambassadorial relations with China. Perhaps the only source 
of concern to India's policy makers was the vigorously pursued re-armament 
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programme by Pakistan in the post 1971 period, coupled with its quest for 
nuclear capability which according to evidences now available started in the 
early part of the seventies itself 
The nuclear action approach complemented India's strategy to seek 
security through a modern military machine to defend and deter 
conventional military threats from Pakistan and China. India's defence 
policy received attention after the Sino-Indian border conflict. India's 
concern for adequate defence preparedness was reflected in : the gradual 
increase in its defence budget.'' Setting up of a MIG factory in 1963 with 
Soviet assistance in order to carter to the country's defence needs, and the 
inauguration of the first five year defence plan in 1964. The accent on 
defence preparedness was not only as a consequence the lessons that country 
learnt from the 1962 war, but was also a response - a very significant 
response indeed to the arms transfers of external powers to Pakistan. The 
1975-76 report of the Defence Ministry shows that Pakistan was the biggest 
recipient of Chinese military aid amongst the non-communist countries and 
that it had made the war losses suffered in 1971.^ 
The attitude of Pakistan worried the government and the people of 
India and there was a lurking fear that Pakistan and China may combine to 
throttle Indian defence from all sides. To meet these contingencies missions 
were rushed to various countries in the west as also to the Soviet union to 
obtain arms and equipment required essentially for the defence and security 
oflndia.^ 
On the Chinese Arms transfers to Pakistan, the Indian concern was 
summed up, on 8 August, 1966, by the Defence Ministers statement : 
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"We have given Pakistan repeated assurances, yet, 
Paiiistan is arming at a frantic rate and in this it has 
been assisted in a very large measure by China. This 
action of Pakistan constituted a grave threat to our 
security".^ 
Pakistan was convinced that Chinese help would be decisive and 
o 
forthcoming in wresting Kashmir for Pakistan from India. The threats at 
contiguous level from China and Pakistan closely engaged the attention of 
policy makers in India. China became a source of military strategic threat 
largely on account of its growing defence strength, placing of missiles in 
Tibet, the building of network of roads and communication in Sinkiang 
region.^ 
India's softness over the western presence in the Indian ocean is 
largely by India's security and political considerations then prevailing. The 
quest for multilateral security guarantee later appears to have been at the 
root of India's soft and less vocal Indian ocean diplomacy. Nehru at that 
time perhaps believed that the presence of the US seventh fleet would be 
deterrence against the possible future attacks on India from China. As India 
was anticipating a two front threat on its security. The possibility of the two 
front threat dilemma for India was illustrated in the tension in Kashmir in 
early 1990. India is reported to have been forced to pull back nine army 
divisions from the Sino Indian border for redeployment to Kashmir.'° 
PROJECTING INDIA HEGEMONIST : 
Both China and Pakistan try to project India as a hegemonist state 
with the intentions of bossing over the smaller states in South East Asia and 
South Asia region. This stance has two implications. One is to create a fear 
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psychosis among the adjacent smaller states, and other is to legitimize 
interference and even presence of the unipolar power in the region. 
Despite of having gifted thousands of square kilometers of Indian 
territory to China in J & K Islamabad boasts of having resolved all border 
disputes with China. And China's building of Karakoram Highway through 
illegally occupied territory, Beijing portrays India as hcgemonist slate. 
Pakistan's and China's involvement in the North East of India, 
sanctuaries for insurgent groups in Bangladesh etc. are major concern to 
India. Due to the high economic and diplomatic cost of an all out war, an 
overt/covert lower level of warfare of the kind Pakistan is waging with India 
aimed at continuously bleeding a nation, is an easier option for forces 
inimical to India. The trends of such low level conflicts is likely to continue 
as both China and Pakistan have vested interests in mobilizing India's small 
neighbours against it. Indian security can be seriously threatened if Pakistan, 
China and Myanmar coalesce to encourage a proxy war in Jammu and 
Kashmir and North East India. 
Pakistan and China have ever tried to manipulate the India's 
neighbours and their policies by making in roads, into Nepal, Myanmar and 
Bangladesh. By this they want to keep the India's growing power in check. 
The Pakistani support for Indian insurgencies results in high burdens for 
India in the nature of economy, defence etc. 
All this has given rise to a slralcgic schism in the South Asian region 
which is naturally inimical to Indian interests. 
It is ofcourse, reiterated again and again that India has remained a 
common factor behind the China Pakistan nexus. The nexus has proved 
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clearly a strategic fire cleverly stoked to encircle as well engulf India and 
marginalize it as a sub-continental power to dominate Asia, China contained 
India within the sub-continent boosting the capabilities and hatered of 
Pakistan and other South Asian and South East Asian neighbours of India to 
limit Indian influence in these regions and also in central Asia. 
For instance China overtly supports monarchy in Nepal to gain geo-
economic access there with the help of Pakistan's Inter-services Intelligence 
(ISI)", it covertly funds the maoist rebellion which is inimical to Indian 
interests. By signing in January 2003, a new defence agreement with 
Bangladesh, where Pakistani influence is growing rapidly, China now 
intends to create Pakistan-II on India's East. To counter India's growing 
influence in Indian-ocean Beijing uses Myanmar's international isolation to 
further encircle India. And it is not coincidence that Pakistan has also been 
culti\ating. M\anmar against India with Beijing's active support'" and 
cooperation. In December 2001. it came to light that two Pakistani nuclear 
scientists (Sulaiman Asad and Mohammad AH Mukhtar) had moved over to 
Myanmar a month earlier when the US intelligence officials were 
investigating the involvement of Pakistani nuclear scientists with the Al-
Qaida network. This report assumes greater significance as Myanmar has 
officially confirmed in January 2002, that it is building a nuclear reactor.''* 
Besides occupying a large portion of north-eastern Ladakh in the 
western sector of India, the Chinese have always treated Arunachal Pradesh 
in the eastern sector as an integral part of China. Consequently they 
protested when Arunachal Pradesh was conferred statehood within the 
Indian union in 1986. When Indian army units were deployed in 1986-7 in 
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the Sumdorong Chu valley in Arunachal Pradesh, China in a retaliatory 
move, also stationed its troops in the valley, which raised the prospects of a 
Sino-Indian war. India's major military exercise through operation 
checkerboard in 1987 and Chinese attempts to reinforce the border kept the 
relationship between the two countries tense.'^ China has always been 
equally concerned about the status of Sikkim and Tibet. 
India is apprehensive of China's role in Kashmir, Tibet and North 
East India on following counts, first China has been holding on to a part of 
Kashmir's territory since 1962. The Sino-Pak understanding on Kashmir has 
obviously had security implications for India, which needs to hold on to 
Kashmir to press its claims over the Aksai Chin region of Ladakh and ward 
off any threats to the Punjab. The aid to Pakistan and deployment of IRBMs 
(Intermediate Range Ballistic Missiles) in Tibet has underscored. China's 
military presence on India's doorsteps. As mentioned earlier Myanmar has 
been a beneficiary of Chinese military aid since the advent of the military 
dictatorship in Yangon in 1988.'^ Both Myanmar and China have been 
abetting the insurgency in the north-eastern parts of India. China also has a 
defence supply and training links with Bangladesh. Taking note of the 
presence of China in different sectors of the Sino-Indian border and growing 
Sino-Pakistan friendship, India has strived to contain the individual and 
joint actions of Pakistan and China that could jeopardize its security 
interests. 
Asymmetrical India and China's Balance of Power Politics : 
India tend to be deeply apprehensive regarding China. Chinese on the 
other hand, tend not to perceive a serious threat from India, and find it 
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difficult to understand why Indian's might find China and its actions 
threatening. 
Major basis for Indian fear of China is the close China Pakistan 
strategic partnership. Most important thing about this which India perceives 
is that the emergence of the Sino-Pakistan strategic partnership remained 
intact from the many events which took place after the disintegration of the 
USSR. 
India's concern's regarding China's defence cooperation with 
Pakistan, its assistance to Pakistan's clandestine nuclear programme and the 
sale of missiles and sophisticated weapons system by it to Pakistan, were 
conveyed to the Chinese side. The progress that China has made in the 
recent years in augmenting her nuclear arsenal and missile capabilities will 
continue to have adverse impact on Indian security. 
Upgradation of Pakistan's logistic capabilities all along the India-
Pakistan border, strengthening of Pakistan's air operation capabilities, and 
navy shows that China is trying to eliminate the balance which is in favour 
of India in South Asian region. The 1997-98 Indian Defence reports says 
that China's assistance to Pakistan directly affects Indian security. 
By keeping Pakistan militarily strong, China tries to keep Pakistan 
free from Indian domination and confident enough to pose a continual 
challenge to India. The depth and durability of the Sino-Pakistan entente 
cordiale compels Indian defence planners to consider the possibility that 
China or Pakistan will enter any large scale conflict between India and the 
other. By doing this Beijing has compelled India to split its military forces.'^ 
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In effect, the Sino-Pakistan entente cordiale confronts India with a two front 
threat. 
India unsuccessfully resisted the creation of the existing status quo of 
the China and Pakistan relations. India's leadership right from the beginning 
hoped to use India's friendship with China to persuade Beijing to keep its 
distance from Pakistan. 
India exerted considerable national effort in 1965 and 1971 to punish 
and diminish Pakistan. In neither cases did Indian military victories 
translated into durable gains. In both cases China helped Pakistan to rebuild 
its shattered military power and confidence (as did the United States). 
Pakistan's 1971 defeat did indeed threaten to overthrow the structure of 
power in South Asia. But it is the hard reality that Pakistan revived from its 
catastrophic 1971 defeat and within 20 years constituted a greater than ever 
threat to India. 
This policy of Chinese strategic calculations needs India to strengthen 
itself as an emerging global power. Since the US too is interested in 
bolstering the entity of Pakistan what came to light when Pakistan was being 
made member in the coalition against terrorism in post September Eleven 
epoch. In brief Mr. Fernades is not wrong in identifying China as a threat 
(major future threat) to India despite much confusion being created 
thereafter about this accusation.'^ 
China at this stage has almost two decades lead over India in the 
nuclear field. Since Sino-Pakistan nuclear understanding against India is not 
an improbability in the future, therefore if India does not restructure its 
foreign policy suitably, it would become highly vulnerable to Pakistan's 
nuclear blackmail. 
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As has been pointed out in the preceding chapters that Sino-Pakistan 
relationship was also strategically strengthened by the construction of 
Northern routes especially Karokoram highway. This arms supply route 
would remain undisturbed in any future contingency and thus has potential 
to pose a more serious threat to India's security than any quantum of 
armaments that Pakistan may receive. These roads were demonstrations of 
China's firm commitment to consolidated and perpetuate its close ties with 
Pakistan. Pakistan by itself however can never be a major threat to India's 
security. If China share with Pakistan a common hostility towards India, 
only then India's security is seriously threatened by Pakistan. 
India has a strategic balance against Pakistan, but imbalance 
continues with China. It is believed that India's nuclear deterrent is credible 
against Pakistan, and not China. Yet it can be said that ambiguity about the 
qualitative and quantitative aspects of India's nuclear capability will create 
psychological fear for China^' to launch a nuclear strike. China has played 
and can play an intrusive role in Indo-Pakistan politico-strategic issues with 
the objective of keeping India under constant strategic pressure. China is 
believed to be working towards not only creating Pakistan as a viable 
counterweight to India's power in South Asia, but to tilt the nuclear balance 
in Pakistan's favour". This assessment may be inaccurate and motivated. 
However, this shows that how critical can be the Chinese help to Pakistan's 
nuclear and missile capabilities vis-a-vis India and tilting the balance against 
India. 
India fears that Pakistan's capabilities in nuclear warheads and 
missile delivery systems are being beefed up with Chinese and also North 
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Korean help.^^ It believes that "the asymmetry in terms of nuclear forces is 
strongly in favour of China which additionally has helped Pakistan to build 
missiles and nuclear capability. Some reports have speculated over the 
Pakistani ballistic missile superiority which may have left India militarily 
vulnerable.^'* 
To nullify this, requires that Indian leadership be astute, and alert to 
any possibility of a rupture in Sino-Pakistani relations and then to seize it 
when it obtains. This will test Indian political leadership's street smartness 
in the International affairs.^ 
To what extent do Chinese nuclear and missile supply attitudes and 
practices in regions of conflict effect India's security? Indian Sinologists 
usually tend to ignore this aspect of India's strategic calculations. China not 
only posed a physical threat to India because of its geographical proximity 
and power, but also that the issue was not simply the distribution of military 
power. Rather, it laid in the nature of the enemity and the strategic dilemmas 
it created for India.^^ 
Strategically speaking, India has long border with China, a sizeable 
boundary with Pakistan, and an enormously long coastline Indian's have in 
the last five decades seen military action on all three fronts : in 1962, on the 
China-India border; in 1965, on the Pakistan border and in 1971 on its 
coastal seas. A Chinese direct intervention on behalf of Pakistan in 1965 and 
1971, however did not occur for fortuitous but unforeseen reasons. India 
was twice lucky by unrelated internal developments in China^'' which have 
prevented a joint China-Pakistan operation against India. But no nation can 
structure its strategic perceptions and options on the presumptions of such 
luck obtaining every time. 
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Chinese motives, behind the arms supply of all kinds to Pakistan 
seems to have concerns about the regional balance of power in South Asian 
region. China wants to keep India engaged with its smaller rival Pakistan by 
feeding their acute conflict and arms competition. 
In South Asian region Chinese policy shows its highest level of 
contradictions. Chinese involvement in nuclear proliferation in South Asia is 
long standing. As a military ally of Pakistan and an adversary of India, 
China's help to Islamabad to build its nuclear and missile capability is a way 
on the part of China to balance India militarily and politically. It has always 
tried to keep India limited to a regional power status (that too very 
reluctantly) and prevent its recognition as a major power. Balance of power 
and containment considerations vis-a-vis India^re important factors behind 
the Sino-Pakistan strategic nexus. As India is country with the potential and 
inclination, to balance the China and challenge its status as the "Asia-
Pacific's sole middle kingdom". 
In this view the possible rise of India as a challenger can be prevented 
through the deliberate propping up of the regime surrounding India -
especially Pakistan - and the pursuit of policies that would reinforce the 
•JO 
perception that India is weak, indecisive and on the verge otcoUapse". 
The main plank of this strategy of balancing Indian power has been 
military support for states neighbouring India. Chinese arms sales go to the 
states bordering India.^^ China has argued that its alliance with Pakistan has 
been in response to what it views as "Indian imperial tendencies to annex 
and develop territory, which Beijing deems too close to its own borders. As 
for the Chinese support to Pakistani nuclear and nuclear technology is 
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concerned, it can be analysed that "China views a credible Pakistani 
deterrent as a most effective way to guarantee the security of its sole ally in 
southern Asia against Indian power". For Beijing its strategic relationship 
with Pakistan has helped it to get a foothold in South Asia, a pillar of 
China's strategy of limiting India, and a means of contesting Russian 
dominance over Central Asia. China has allowed Islamabad to maintain a 
rough nuclear parity with New Delhi. The essential glue of the Beijing 
Islamabad entente has always been anti Indian. From Beijing's perspective, 
India is a second rank but sometimes threatening state. It poses little threat 
to China by itself, and it can be easily countered, but Beijing must be wary 
of increase in Indian power or an alliance between New Delhi and some 
hostile major state. To counter these contingencies, China has long^wifsued. 
a classical balance by supporting Pakistan. Pakistan is China's IsraeF°, the 
largest beneficiary of the Chinese aid, and a recipient of its nuclear and 
missile technology. For China, Pakistan is the perfect ally. Support for 
Islamabad balanced out soviet and Indian power (and initially, U.S. power) 
and Pakistani criticism of China has been muted. 
The above analysis indicates that without any doubt China plays as an 
ultimate security blanket over Pakistan, but if one looks at Indo-Pak wars of 
1965 and 1971 one finds shortcomings in China's role in protecting Pakistan 
from humiliating defeats. It is said that China's motives are far more 
complex than is generally acknowledged and they go beyond the desire to 
'balance' India by strengthening Pakistan.^' 
China may well have transferred nuclear knowhow and technology to 
Pakistan for the purpose of "balancing India"; but it is likely that China's 
256 
calculations were far more complex and went well beyond tethering India 
strategically. By transferring Nukes and missile equipment to Islamabad. 
Beijing has skillfully transformed the India-China nuclear debate into an 
India Pakistan contest so that world body pressures can be exerted on India 
and Pakistan to join the NPT and CTBT. 
Nuclear threat Environment: 
The Sino-Pakistani military relationship, especially its nuclear 
component, has, had an impact on Indian security and policies. To India the 
Chinese nuclear and missile transfers to Pakistan, which continue even after 
Beijing acceded to the NPT and pledged to abide by Missile Transfer 
Control Regime (MTCR) guidelines, demonstrate that a nuclear weapon 
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state can blatantly violate its commitments and get away with it. Barring 
some occasional protests on the part of U.S., the international community by 
and large has remained silent on the Chinese violation of NPT. The irony is 
that International Community is pressurizing India to adhere to the NPT and 
abandon its nuclear programme. The Indian elite have viewed the Chinese 
nuclear/missile relationship with Pakistan as a deliberate containment 
strategy by Beijing designed to deny India a leadership role in the regional 
and global order. China has a strategic investment in Pakistan since the early 
sixties and is Pakistan's most reliable strategic partner. Pakistan is not being 
considered a threat by China while India is Pakistan is also reliable in 
Beijing's estimation and its motivation vis-a-vis India. 
Sino-Pakistani nuclear cooperation contributed to India's decision to 
accelerate its nuclear weapons programme and conduct open nuclear tests in 
May 1998, following a period of virtual limbo after the 1974 nuclear test.^'' 
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The 1974 test itself was partially the result of Indian concerns about China's 
nuclear programme and the US Chinese alliance with Pakistan during the 
1971 Bangladesh war. It was only in response to Pakistan's accelerating its 
nuclear programme with the aid of China that Prime Minister Rajive Gandhi 
initiated an Indian weapons program aroun d 1988.^ ^ A shift toward more 
capable and transparent Indian nuclear posture could also come about 
simply as a result of the same contingency. The steady transformation of 
India's nuclear posture in the direction of continued weaponization will be 
driven to a significant extent by the growing perception among Indian policy 
makers that while Pakistan represents a "clear and present danger" to Indian 
security today, China could readily evolve into a similar threat over the next 
two decades.'' At the moment, the rationale for the current shift in India's 
strategic posture is grounded primarily in prudential reasoning that seeks to 
create a deterrent aimed to insulating India against either Pakistan or 
Chinese nuclear coercion. However the pressures on India to create a large 
and diversified deterrent may well prove overwhelming if the future 
behaviour of both Pakistan and China is transformed in the direction of 
active militancy with respect to their territorial claims.•^^ 
Pakistan has acquired the ability to reliably target most Indian fixed 
assets at great distances from the frontier, and this capability will only grow 
over the years, thereby reducing the size of the Indian sanctuary even 
further.^^ Both Nuclear weapons and Ballastic missiles are treated seriously 
as military instruments of deterrence in Pakistan because Islamabad's fears 
about the Indian intentions and its dread of the large and diversified Indian 
military industrial complex are seen as leaving it no other choice but to 
urgently develop a range of war fighting systems that possess both high 
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survivability and high penetrativity vis-a-vis its principle adversary India. 
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In contrast, India's traditional reliance on air breathing systems for 
nuclear delivery, its robust separation between the uninformed military and 
the civilian nuclear establishment, its insular decision making with respect 
to the nuclear programme, and its lack of institutionalized mechanisms for 
managing nuclear strategy are viewed by many knowledgeable analysts as 
placing New Delhi at somewhat of a disadvantage with respect to 
Islamabad. There has been a steady and progressive momentum in 
enhancement of nuclear capability and delivery systems in Pakistan with the 
military in control, the prognosis for the future is the same. When china 
went nuclear in 1964, it declared that it had gone nuclear to break the 
monopoly of the western powers, Pakistan's programme, however, is 
directed at India without any ambiguity. 
The nuclear doctrine of Pakistan is threatening to use nuclear 
weapons in times of hostilities and if necessary to use it first. It has not 
subscribed to the "No first use doctrine unlike China and India, the other 
two nuclear powers in the region. A majority of analysts feel that nuclear 
weapons may give requisite confidence to Pakistan and alleviate her fears of 
India's conventional superiority. There are indications however, that the 
nuclear threat is being linked with Kashmir. Pakistan feels that due to the 
nuclear threat, India is not likely to take tougher measures against Pakistan 
and that it could now carry out its operations in Kashmir with impunity. It 
may also project a high probability of use of threat to the world in order to 
internationalise Kashmir issue and bring about external mediation.'"' As it 
wishes to resolve the Kashmir problem by showing the same as flashpoint 
for the use of nuclear weapons. 
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Beijing has also committed to "no first use" and "non-use against 
non-nuclear powers". This, on the face of it, should end nuclear 
confrontation between China and India, if both sides are committed to that 
without ambiguity. Does, for example, China's "no first use" declaration 
prevent its use on its "own territory", or in the Sino-Indian context, in any of 
the 'disputed' territories, e.g., Arunachal or Asai Chin. The answer is clearly 
no. Thus it is possible for China to launch a pre-emptive first strike, using 
tactical nuclear weapons against Indian counter force targets in a disputed 
region without violating the letter of declaration of 'no first use'. There is, 
of course, in addition the possibility that China could launch a massive 
nuclear first strike against strategic targets in India because India had 
launched a pre-emptive strike against Pakistan. This, china could hold, is not 
"first use".^' 
Munir Akram, Pakistani ambassador to the United Nations defended 
his country's right to use nuclear weapons even in a conventional war. He 
said: "India should not have the licence to kill with conventional weapons 
while Pakistan's hands are tied regarding other means to defend itself.'*^ 
Therefore, Pakistan will not be able to subscribe to a "no-first-use" 
policy because that is the only means by which it can deter an Indian 
aggression. This gives the impression of a hair-trigger readiness to use 
nuclear weapons in case of a conventional strike by India, against Pakistan. 
Given the increasing conventional asymmetry between the two countries, 
Pakistan has used its conventional inferiority well to sell to the world its 
justification for the first use of nuclear weapons.''^ 
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Pakistan perceives its nuclear capabilities as providing, among other 
things, the requisite strategic cover with which to immunize it against any 
military counteraction in the context of some ongoing unconventional 
conflict with India. New Delhi will face strong pressure to shift its overall 
nuclear posture to cope with the challenges of nuclear coercion. 
While Pakistan's exploitation of its nuclear capability and growth in 
the size of its arsenal would be the two critical factors affecting India's 
traditional nuclear posture. India's larger and more significant nuclear rival 
will have even more consequential effects on India. There is little doubt that 
Chinese nuclear capabilities are more significant than India's. As early as 
1988, a senior Indian military officer analyzed in some detail how the 
Chinese missile deployments supposedly occurring in Tibet could undercut 
larger Indian defence strategies in the region.'*'' In 1989 the then Indian 
Defence Minister K.C. Pant affirmed that China had infact deployed 
missiles in Tibet oriented primarily against India. China has currently a 
comprehensive nuclear weapons capability against India. 
While India has never factored in the evolution of China's nuclear 
policy planning, China casts a large shadow on India's decision to build 
nuclear weapons. Right from the beginning India's shift towards building 
nuclear weapons was largely conditioned by the perceived security 
challenges posed by the existence of China's nuclear weapons and later their 
proliferation among other Indian neighbours especially Pakistan. It was only 
when India exploded its first atomic device in May 1974, that it featured in 
China's nuclear planning. Even after that China has adopted only an indirect 
approach which is apparent in its growing interests in Pakistan's nuclear 
capability. 
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In the long run, however, China has since continued to be the single 
most influential external factor in the evolution of India's nuclear 
programme and planning. Nevertheless, various other events which are 
mentioned in the last few chapters were equally responsible for the overplay 
of China's role in Indian security Analysis. There were India's loss of face 
in its border war with China in November 1962, the Indo-Pak wars of 
September 1965 and December 1971, and finally the Sino-Pak special 
relationship that has since become the single most difficult factor in Sino-
Indian relations. During Pakistan's wars against India in 1965 and 1971, 
Pakistani leaders were heard making public pronouncements on the 
likelihood of Chinese military intervention on their behalf.''^ 
However, India, if committed to the no first use doctrine, remains far 
too vulnerable, because it doesn't as yet possess a 'second strike' capability. 
While as China is having second strike capability. This means that India's 
nuclear assets may all be destroyed during the decapitating 'first strike' 
making its nuclear pasture futile. This has also to be seen in the light of the 
fact that Pakistan - which has evolved its nuclear deterrence clearly aimed 
at India has expressed its un-willingness to make the similar commitment to 
the no first use doctrine. The most important thing about Chinese nuclear 
doctrine which directly affects India's security interests. The general belief 
that China does not regard use of its nuclear weapons on what it considers to 
be its own territories as breach of this doctrine.'*^ Here one needs to note that 
China and India both continue to have overlapping claims on large part of 
their territories. Each side claims expanses which the other controls or 
possesses and administers. India is in full administrative and military control 
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over the state of Arunachal Pradesh which China claims. China is in 
possession of north-eastern Ladakh (Aksai chin) which India claims. 
Pakistan felt safe behind its newly demonstrated nuclear shield, and 
sought to invite international intervention over the long standing Kashmir 
dispute by raising the spectre of a possible nuclear war, in early 1999 when 
it launched its incursion into the Kargil region of Indian Kashmir. The 
Kargil war brought it with a nuclear threats from both sides. 
According to one study, high level leaders on the two sides 
exchanged at least a dozen nuclear threats during the Kargil war/^ 
Pakistan's official internet page warned that Kashmir was a "nuclear flash 
point". While Pakistan's decision to take military advantage of India in the 
Kargil-Dras sector was not entirely consequent to the nuclearisation of the 
two countries, the factor of deterrence that was perceived to have come into 
play between the two countries had a crucial role in Pakistan's decision to 
initiate that conflict, especially once the military leadership in Pakistan 
changed in October 1998. 
The Kargil war suggested that with the acquisition of nuclear 
weapons Pakistan was more confident than in the past of engaging India 
militarily in a limited war. In other words, Pakistan saw its nuclear weapons 
capability as an 'equaliser' against India's conventional military superiority. 
It was after the Kargil experience, which cost India heavily in men and 
material, Indian defence planners seem to be preparing for the prospect of 
fighting a 'limited war'. The concept of "limited war was put forward at a 
seminar in New Delhi in 1999, which also included a paper by the then 
Indian army chief. General V.P. Malik.'*^ 
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The demise of the conventional "balance-imbalance" has led Pakistan 
to place greater reliance on nuclear deterrence to compensate for its 
conventional inferiority. Pakistani defence planners believe that their 
nuclear tests have levelled Indian superiority in conventional weapons and 
this situation can only be maintained if Pakistan retains the option to launch 
a pre-emptive nuclear strike.^° Islamabad adoption of nuclear deterrence as a 
means to counter conventional superiority is also contributing to the 
emergence of an inherently unstable nuclear deterrence between India and 
Pakistan. Unfortunately, clarification of India's and Pakistan's nuclear 
stance, together with the ongoing augmentation of their missile delivery 
systems, is undermining what stability nuclear weapons have brought to the 
sub-continent. 
Defence Dilemma 
Indian defence and security policies seek to deal with the Chinese and 
Pakistani threats and challenges on both military and diplomatic fronts. 
India has military superiority over Pakistan and is capable of winning a war 
on its own. But India's success against the Chinese threats both on the 
diplomatic and the military fronts is suspect.^' 
At the twilight of the 20 century, there has been a steady increase in 
the Indian defence budget in the last several years. There was a big jump in 
the budget in 1997, by about 24.4 percent. The next big jump was in 2000-
01 when it was increased by 28.2 per cent to $ 13.62 billion. It increased by 
about 13 per cent for the fiscal year 2001-02. Last year, 2002-03, it 
increased by 4.8 percent. The defence budgets are partly reflective of 
India's military modernization programme. There have been several new 
acquisition in India for modernization programmes. 
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As far as Sino-Pakistan relations are concerned, this imposed a heavy 
defence burden upon India. The overall strategic perspective, the danger 
from China and Pakistan, had to be taken into account. Though government 
proclaimed that it stood, 'firmly' by its policies of non-alignment and 
peaceful cooperation", the Defence Ministry could not relax in its efforts 
and kept revising and updating its defence plans. It was stated that Defence 
production was to be ''more technology oriented rather than product 
oriented and there was no scope for reduction in the numbers and strength 
of the armed forces. Accommodating the changed concepts of warfare, it 
was felt necessary to take into consideration the External threats, self 
reliance in Defence production. 
Through 50 years of efforts, India now boasts a mighty army, in the 
light of strategic needs, since the early 1990s focused on developing its 
naval force. Indian military behaviour from 1974 to 1998 revealed a 
profound shift towards the use of conventional military power to deter and 
contain Pakistani and Chinese military pressures and to study the nuclear 
question in the context of India's security environment and Indian strategic 
planning. The defence deterrent dilemma existed in Indian thinking in this 
period. Internal and international conditions upto the 1990's did not allow 
the Indian government to resolve this dilemma. However, a military culture 
emerged during this period; it took the armed forces to the margin or the 
sideline of the Indian nuclear question. The suggestion is not that the Indian 
armed forces became participants in an advocacy to built the bomb or to 
demonstrate an atomic explosive capability.^'' The armed forces remained 
preoccupied with the development of Indian defence mechanism in relation 
to Pakistan and China. Indian defence budgets and annual reports of the 
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Indian ministries of defence and external affairs upto 1997 showed a pre-
occupation with conventional defence capabilities and threat perceptions. 
This period saw the growth of thinking within the Indian armed forces about 
the implications of the nuclear question for Indian security. 
India's military requirements have been formed in reaction to the 
arms procurement programmes of its traditional adversaries. Because neither 
China nor Pakistan was able to obtain technologically advanced weapons 
systems in the 1970s and 1980s, India was able to close the gap through a 
policy of military self reliance, especially with advanced weapons system 
from the Soviet Union. While this period gave the Indian military 
technology base a period of grace in which to develop competitive systems, 
that interval may have come to an end without India adequately exploiting 
it. The end of the cold war has changed these circumstances somewhat, and 
India's rivals are in a good position to modernize their forces with imports 
from desperate arms producers.^^ 
For India conventional defence versus nuclear detterence dilemma 
was settled by Pokhran II, but the process or the preparation for this 
outcome took shape during the I970's to 1990's period. The China factor 
grew in important in Indian strategic calculations among other factors during 
this period but India avoided engaging China in an open competition; it did 
not challenge the PRC's provocative activities against Indian strategic 
interests and it did not create a situation whereby the PRC had to take India 
seriously. China pursued a deceptive strategy vis-a-vis India in this period. 
Its public line highlighted the importance of a foreign policy of peace 
because China sought peaceful economic development and claimed it 
266 
wanted peace in its neighbourhood; its military modernization, it claimed 
was its lowest priority. It claimed that it wants tranquil borders with India 
and good neighbourly relations. In fact since the late 1980's, it engaged 
India in border talks and the two sides agreed that the concept of the line of 
Actual control (LAC) should be the basis of a border settlement. Both sides 
also signed agreements concerning border trade, economic, and scientific 
cooperation in 1996-97.^^ But other realities impacted the Indian strategic 
psyche. China had always said that it had no conflict with Pakistan but it had 
one with India. 
Sino-Pak Factor in Pokhran II : 
It is well known that Pokhran first brought Indian defence 
establishment into the picture. The decision to test was political, because the 
test was of peaceful nature. It was not the decision of Indian military. The 
Indian military became engaged with the nuclear deterrence, in the early 
1980's. This occurred in the context of nuclear developments in Pakistan 
(1970s onwards), the emergence of the Sino-Pakistan military relationships, 
and the tolerance of Pakistani nuclear weapons activity by the U.S. 
The Indian military showed concern's and interest in nuclear 
questions after the India's conventional defence mechanism had been 
modernized and the Indian military felt secure about its ability to wage a 
conventional war against Pakistan and China, and after China's and 
Pakistan's nuclear developments and their implications for Indian security 
en 
developed a salience in Indian professional and public opinion. By early 
eighties, New Delhi saw its relative position vis-a-vis Pakistan and China 
rapidly deteriorating. The United states which had moved closer to both of 
India's adversaries, appeared to an additional threat. 
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New Delhi attempted to meet this situation by increasing its 
dependence on Moscow and remarked on the largest arms-buying spree in 
the sub-continent's history. India was fully aware of the Islamabad's nuclear 
weapons program and Delhi may have contemplated a direct action against 
Pakistan's nuclear weapons facility, Kahuta, in the mid-I980's, and it is 
very likely that the Brasstacks crisis was conceived in part to provide cover 
CO 
for an attack on Pakistan before its nuclear program reached fruition. The 
threat of war, as epitomized by the Brasstacks crisis, only accelerated the 
Pakistani nuclear programme there was also a brief confrontation with China 
at Somdurong and this confrontation raised the issue of what response was 
available to the Indian army if the Chinese threaten to use tactical nuclear 
weapons in the Himalayas, of course there was no ready response from 
India. 
Thus even before the fall of Soviet Union there was frustration among 
Indians expectations whether it will emerge true dominant unchallenged 
power of South Asia. The another clamity before the breakup of India's 
steadfast friend Soviet Union was the outbreak of insurgency in Kashmir, 
which came after the several years of struggle with Sikh and Naga 
separatists, drove home the lesson that India's internal security problems 
had become acute. 
India's security environment seemed worse than it was after the 
breakup of Soviet Union India was expecting that after Soviet's breakup 
China and United States may abandon Pakistan. The latter infact reduced its 
commitment to Islamabad after the end of the Afgan war, but the Chinese 
remained Pakistan's good friends. All this enhanced India's potential for 
nuclearization. 
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The Ghauri Test on April 6, 1998 (a medium range missile) by 
Pakistan was also highly provocative. The test invoked sharp reactions in 
India. On the day following the test, a statement of the Indian Ministry of 
Defence said : 'we are aware of constant outside assistance to Pakistan in 
this field despite the existence of multilateral export control, regime, 
unilateral declarations of restraint and supply restrictions on producer 
countries... India will draw appropriate conclusions from these 
developments and take a resolute steps to meet army threat to its national 
security.^'' There was little doubt that the technology for the missile system 
came from China. Reacting to the Ghauri missile test, Defence Minister 
George Fernandes said that India's missile programme is well tuned to meet 
our security needs", and made note of three versions of the prithvi missile, 
including a new 217-mile range naval version, all of which can target any 
part of the Pakistani territory.^° Although Prime Minister Vajpayee made it 
clear at that time that Ghauri test would not lead to a nuclear race in South 
Asia. No nuclear race will be started due to firing of Ghauri.^' However 
foreign Secretary K. Raghunath reportedly told visiting US diplomat Bill 
Richardson that India would take all possible steps to meet its security 
concerns arising from arms policies in neighbouring Pakistan and China and 
that India would match its neighbours weapons.^^ The Ghauri missile is said 
to be capable of carrying nuclear payloads, and has the range to hit targets 
throughout India except in the northeastern part of India. The case for an 
Indian nuclear deterrent appeared reasonable to some extent after the test of 
Ghauri. It is logical that if a rival is having nuclear weapons, then one has to 
think about the deterrence. That is what India did, in 1998 when it justified 
its nuclear tests and the subsequent calls for weaponisation citing Sino-
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Pakistani nuclear 'axis'. Threat to its security there is nothing ambiguous in 
India's claim because it is known to every one that India views both China 
and Pakistan as threats to its territorial integrity. Then it is obvious the 
degree of cooperation between the two countries (China and Pakistan) on 
nuclear weapons is also a threat. Ghauri test reinforced prior perceptions in 
India about the deterioration of India's immediate security environment. In 
1997 under the United Front government, the Ministry of Defense's Annual 
Report had expressed considerable misgivings about China's support for 
Pakistan's nuclear and ballistic missile programs as well as China's own 
growing ballistic missile capabilities. In any case, the Ghauri test provided 
the BJP led government a useful rationale for carrying out nuclear tests. On 
May 8-10, 1998, Prime Minister Atal Bihari Vajpayee instructed key 
ministers and the highest ranking bureaucrats as well as the three service 
chiefs of his decision to proceed with the nuclear tests.^'' 
However Ghauri test or Sino-Pak relations were not the only factors 
which led India to go for the tests. These two factors infact accelerated the 
program, with the period of the Soviet security guarantee providing an 
interlude. There are many foreign and several Indian political commentators 
who dismissed the security imperatives underlying the Indian nuclear 
weapons as well as Indian tests. However there is enough evidence which 
suggest that India's security misgivings did play an important role in the 
evolution of the program as well as in precipitating the nuclear tests of May 
1998. 
Indian Defence Minister, George Fernades citing of China as most 
powerful threat to India also shows how far Indian tests were motivated to 
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Chinese threats. Fernades called China the number one potential threat to 
India, this statement infact invented and borrowed further threat for India.^^ 
Subsequently, Indian Prime Minister, A.B. Vajpayee, in a letter to President 
Clinton, justified India's tests largely because of the 1962 Indo-Chinese war, 
China's own nuclear weapons policy, and Beijing's support for the Pakistani 
nuclear program.^^ 
In Vajpayee's letter to Clinton, there are clear references to the 
"threats" from China and Pakistan. (If what happened in 1962, 1965 and 
1971 with China and Pakistan constitute a continuing threat in 1998 as 
Vajpayee pointed out). The letter cited China as the major reason for its 
nuclear explosions. Wrote Vajpayee "... we have an overt nuclear weapons 
state on our borders, a state which committed armed aggression against 
India in 1962. Although our relationship with that country has improved in 
the last decade or so, an atmosphere of distrust persists mainly due to the 
unresolved border problem. To add to the distrust, that country has 
materially helped another neighbour of ours to become a covert nuclear 
weapons state".^^ This irritated China further. 
Indian analysists believe that China has been pursuing a strategy of 
simultaneous containment of, and engagement with, India. The Chinese 
containment strategy involves alliance with Pakistan and a gradual military 
build-up in the Indian Ocean/Bay of Bengal region through establishing 
military bases in places such as Myanmar. The Chinese containment policy 
towards India has been noted by western analysts as well. China has 
developed commercial and military presence in Myanmar (Burma) through 
Hunnan and also has a military presence in Coco and Hyunghai Islands, 
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which gave China a military platform in Bay of Bengal. China has 
established a long range, low frequency facility in the coco Islands", to use 
for submarine activities and also to monitor Indian missile tests. According 
to an Indian assessment; China is taking Indian missile capability into 
account while formulating its missile and nuclear supply policy with 
Pakistan.^ *^ 
Whatever the role domestic politics may have played in the final 
decision, and whatever the views one may hold on the wisdom of the new 
Indian nuclear policy, there is no denying the fact that the China factor -
made even more pressing by the Sino-Pak cooperation in this field - has 
been the most important ingredient in the Chain of events which culminated 
in India's nuclear tests of 11 and 13 May, 1998.^° 
The Triangular dimension of India-China-Pakistani was important 
aspect in the overall regional context. It can be analysed or summed up that 
contrary to the common perception of an Indian-Pakistan nuclear contests, 
China could be held the most important actor to induce India to exercise its 
nuclear option. As India's nuclear and missile capabilities owe much to the 
dynamics of Sino-Indian rivalry. It is the adversarial nature of Sino-Indian 
relationship which has driven the Indian and, in turn, Pakistani nuclear 
weapons programmes uncompromising attitudes and deep suspicion of each 
other's intentions have led to a situation where each has sought to negotiate 
only from a position of absolute strength. Contingent with this distrust have 
been feelings of mutual insecurity. India's defence policy has always been 
based on "keeping one step ahead of Pakistan and on a par with China.^' In 
sum there were numerous reasons for India's decision to go nuclear and 
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China was very important factor in overall Indian security calculus. A close 
perusal of Prime Minister Vajpayee's letter points out to the fact that it "did 
not explicitly name, China, but the implications were clear. It dwelt first and 
longest on the threat from China. Sixty eight words targeted China, 
compared to 48 addressing the Pakistani threat to India. 
By analyzing the above facts we ofcourse anticipate the impact of 
China and Sino-Pak collaboration on India's nuclear programme. In contrast 
Pakistan's nuclear behaviour is influenced by and directed towards India. 
While as India's nuclear posture is directed if not against the Pakistan but 
certainly is formulated to have some deterrent against China, and China-
Pakistan nuclear threat together. 
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Conclusion 
CONCLUSION 
The external threats to India's security have very much centered 
around Pakistan and China and the strategic iinicages between them. 
The factors that underpin the strategic collaboration between China 
and Pakistan are the mutual interests. The aim of both was to contain the 
expansion of Indian influence in the region and to counter any threat that 
India may pose to either China or Pakistan. 
The security dimension of Sino-Pak relations vis-a-vis India 
developed soon after the conclusion of Panchsheela agreement between 
India and China. The understanding which China showed with Pakistan's 
membership of SEATO was clearly against the national interests of India. 
Because b> this China supported Pakistan in a way to bring the cold war 
politics to the doorsteps of India. China's help and cooperation to insert a 
clause in "ten principles" which were adopted in Bandung conference 
upholding Pakistans right to join the military pacts for self defence against 
foreign aggression China not only exonerated Pakistan from the charge of 
conspiring aggression against India in particular but also dealt a heavy blow 
to the policy of non-Alignment. This was a direct affront to India who was 
fighting courageously to defend its foreign policy. China's support to 
Pakistan in this case in a way branded India as an aggressive country. The 
Pakistan's membership of military pacts was utilized as an instruments of 
pressure against India. 
During 1962 war between India and China, India had to take into 
consideration the probable joint Pakistan-China pressure on the border. As 
was evident from the Pakistan's no response and non-seriousness on the 
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Chinese aggression over India. Inspite of helping India, Pakistan made 
causatic comments against it. Pakistan's propaganda against India declaring 
"Chinese aggression no more than a border warfare and restricted to the area 
under dispute" added an insult to the injury of India. Because of the Sino-
Indian war and Pakistan's black mail India was compelled to seek some 
security guarantee and consequently it began to move towards superpowers. 
The Sino-Indian war was really a watershed in the growth of joint Sino-
Pakistani threat to Indian security. This brought the convergence in their 
interests to undermine India. 
The conclusion of Border Agreement between China and Pakistan 
surely made India exposed to severe implications. The agreement enabled 
China to promote Pakistan against India. The agreement further heightened 
the hostility between china and India. Because before this agreement 
China's posture over Kashmir was somewhat non-commital. After the 
signing of Agreement, Chinese came out fully supportive of Pakistan's 
stance on Kashmir. This agreement obviously vitiated the atmosphere of 
Indo-Pakistan talks, which ultimately resulted in failure. It was a clear 
interference in India's sovereignty over Kashmir. What the agreement had 
done was to place the Chinese formally and firmly on record that Kashmir 
did not belong to India. And further, more there was the territorial loss to 
India by Pakistan's surrendering of Indian territory to China. 
So the agreement turned a new leaf in understanding, and friendship 
between China and Pakistan. There was no looking back thereafter as Sino-
Pak ties went from strength to strength and India was being viewed as a 
common enemy. 
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What became more startling to Indian policy makers was the Chinese 
offer of military protection to Pakistan in the event of an Indian attack. This 
created tensions for India that there is really some secret understanding 
between the China and Pakistan which will be effectively used to bully 
India. Pakistani leaders became confident of military cover of China in the 
event of any crisis with India. They had many times threatened India of 
severe consequences if it did the mischief of attacking Pakistan, as Pakistan 
involves the territorial integrity and security of the largest state in Asia. This 
without doubt had detested India in settling scores with Pakistan which is in 
possession of its territory and infact had gifted some land to China also. It 
was not difficult for India to get its land back from Pakistan but Chinese 
cover possibly would have changed the Indian policies. 
More than making China an active player in the Kashmir question 
was significant the India's turn on Kashmir question. As India was agreed to 
formally propose ceasefireline to be made as the international border in 
Kashmir and accepted the Anglo-American mediation in India-Pakistan talks 
on Kashmir. Both China and Pakistan viewed this shift from Indian side as 
an indication of weakness which infact made Pakistan more and more 
confident and ambitious on Kashmir and finally led it to get Kashmir 
through the use of force in 1965. 
Pakistan continued to pursue war as a prolongation of politics through 
different means. While China on its part choose the threat of war as an 
equally effective foreign policy posture against India. 
The supportive role that China played to promote Pakistan's interests 
against India during the second Kashmir war caused considerable concern to 
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India though China did not participate in the war but her diplomatic support 
was sufficient to highten security tension in India. Chinese sympathy and 
moral support to Pakistan was not infact a mere expression or lip service 
towards its ally but there was a surfeit of arms supply and strong 
unequivocal political support also. India was compelled to mobilize its 
troops along the Assam and NEFA borders. India had to retain five of her 
seven mountain divisions on her northern borders. Chinese policy created a 
widespread apprehension of a general war in Asia. 
Chinese involvement also curtailed the role of India's friend Soviet 
Union at that time which could not side openly with India, it was detested to 
put pressure on Pakistan. Moreover Chinese policy of linking the Sino-
Pakistan and Sino-Indian dispute was against the Indian interests. Because it 
made China an active player in the politics of subcontinent. 
The study reveals that the 1971 war between India and Pakistan had 
come when China was completely obliged to Pakistan for its role in Henry 
Kissingers secret mission to Beijing. India's security was completely under 
threat by the emergence of Sino-US detente. All this forced India to sign a 
Treaty of Peace and Friendship with former Soviet Union. India had to 
accept the world criticism on joining the hands with a power bloc for 
security guarantee because of the changing security environment. 
The Treaty with Russia became a refuge and brought psychological 
relief and strength to India. The fear that Indian army had to face war on two 
fronts" was set at rest. The treaty not only constituted a countervailing force 
to the Sino-American strategic design, but also ably served India's security 
interests without compromising on its policy of Non-Alignment. 
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The Indian foreign policy makers felt an optimum response to the 
complex challenges to the country's security and thought for adequate 
defence preparedness. Security of the country was improved considerably 
after 1971, following the establishment of its prominent position in the sub-
continent. The Simla Agreement with Pakistan, Integration of Sikkim with 
Indian Union, the Kashmir Accord and finally the attainment of Nuclear 
status resulting from the peaceful nuclear explosion of May 1974. 
The construction of Karakoram Highway that runs through Pakistan 
occupied Kashmir greatly effected India's security. It has a strong message 
for India and Soviet Union. This Highway, by connecting Gilgit with 
Sinkiang, provides China with the scope of intervention in the event of any 
major crisis. On account of this, Srinagar becomes vulnerable as China can 
rapidly move her forces from western Tibet to northern Kashmir during a 
military confrontation with India. 
One important stage of this ongoing Sino-Pakistan entente cordiale 
has been the support that China extended to Pakistan's arms programme. 
This was detrimental to India's security because it narrowed the gap that 
was existing between the Pakistan forces and Indian forces, to a great extent. 
It is the long standing problems of China and Pakistan with India that has 
without any doubt stimulated and sustained their defence cooperation. In 
Islamabad search for security and parity vis-a-vis New Delhi, China had 
certainly played god father. China had certainly taken the responsibility for 
rehabilitating the Pakistani army and equipping it with the most modern 
weapons systems it had available. As a military ally of Pakistan and an 
adversary of India, China has helped Islamabad to build its nuclear and 
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missile capabilities. China has used this assistance to Pakistan as a way to 
balance India militarily and politically. 
The domestic production, direct procurement of weapons, and the 
existence of joint ventures has surely facilitated Pakistan's long standing 
quest for military parity with New Delhi. It also substantially contributed 
towards Pakistan's self reliance and indigenisation and consequently 
brought about a feeling of confidence and self worth in Pakistani Army. 
All the Developments in Pakistan's armament by Chinese help can 
possibly erode many advantages India might had in strategic depth. 
Apart from this, China and Pakistan's holding of intimate relations 
with the other neighbouring countries of South Asian region exhibit their 
policies of encirclement against India. It can be a major factor in 
militarizing the south Asia with their military aid programmes besides the 
diplomatic support the two extended towards these countries. The bilateral 
disputes that exist between India and its neighbours are skillfully being 
exploited by China and Pakistan. 
For this India had to adopt the soft policies towards its smaller 
neighbours so that their fear of dominant India get lost from their psyche. 
India has to built the confidence of its South Asian neighbours so that they 
may not come under the diplomatic influence of external powers. Pakistan's 
and China's involvement in the North-East of India, sanctuaries for 
insurgent groups in Bangladesh etc. are a major concern to India. Due to the 
high economic and diplomatic cost of an all out war, an overt/covert lower 
level of warfare of the kind Pakistan is waging with India aimed at 
continuously bleeding a nation is easier option for the forces inimical to 
India. 
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The most important security dimension of China-Pakistan relations 
vis-a-vis India is in their nuclear cooperation. The nuclear alliance between 
the two has been detrimental to India's security by raising the possibility of 
a two front nuclear confrontation and by allowing Islamabad to achieve 
strategic parity with India. So it is a disturbing revelation for India to have a 
two nuclear weapons states at its door that too hostile to its very existence. 
The combination of nuclear and conventional capabilities provided 
the Pakistan's a strong shield from behind which they could unleash a 
campaign of destabilization against India without undue worry that it would 
escalate into full scale war. 
Sino-Pakistan nuclear understanding makes it imperative for India to 
restructure its foreign policy suitably otherwise it would become highly 
vulnerable to Pakistan's nuclear blackmail. 
It seems that Beijings motivation in transferring nuclear and missile 
materials and technology to Pakistan derive largely from Chinese concerns 
about the regional balance of power and are a part of Chinese efforts to 
pursue a strategy of containment in its enduring rivalry with India. China 
wants to limit India's power capabilities to South Asia and thereby constrain 
New Delhi's aspirations to become a major power in Asia. As India's 
emergence of a peer competitor in Asia would upset China's predominant 
position in the region. 
China wants to make Pakistan confident and powerful enough to 
present India a standing threat. It wants to keep India busy with Pakistan so 
that it may not be able to develop its military capabilities on modern lines 
which can match Chinese military strength. 
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The progress that China has made in the recent years in augmenting 
Pakistan's nuclear and missile capabilities will continue to have an adverse 
impact on Indian security. The upgradation of Pakistan's logistic capabilities 
all along the Indo-Pakistan border, strengthening of Pakistan's air operation 
capabilities, and many shows that China is trying to eliminate the balance 
which is in favour India in South Asian region. Chinese strategic 
calculations aim at boxing of India into the geographical confines of South 
Asia to stultify its stature as an emerging global power. 
In order to overcome this difficulty it became imperative for India to 
modernize its defence in all spheres. Sino Pakistani nuclear cooperation thus 
forced India's decision makers to accelerate nuclear weapons programme 
and to conduct open nuclear tests in May 1998. By the same contingency 
India shifted towards more capable and transparent nuclear posture. All this 
brought India on the path of continued weaponisation. It was prudent for 
India to create a deterrent to insulate itself against Chinese or Pakistani 
nuclear coercion. 
Following the nuclear weapons tests in May 1998 by India and 
Pakistan, Chinese statements confirmed that Sino-Pak strategic cooperation 
remained unaltered. China has shown little inclination to restrain Pakistan, 
largely because the Chinese policy towards South Asia is driven by balance 
of power and containment considerations. 
For variety of reasons Pakistan's weaponisation can prove for more 
dangerous and detrimental to Indian security because in Pakistan it is the 
military which controls the nuclear button and not the elected 
representatives of people. There is also apprehension that Pakistan's nuclear 
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weapons are likely to be slipped into the hands of terrorists which will be 
more dangerous for India. As Pakistan has been sponsoring insurgency in 
India's Punjab, Kashmir and North Eastern states from last few decades. 
Moreover Pakistan's unstable nuclear posture that maintains the option of 
first use of nuclear weapons covers the high risk of accidental and 
miscalculated use of nuclear weapons by it. Pakistan has already inflicted 
four wars upon India. In case Pakistan persists with the development and 
deployment of nuclear weapons India will be constrained to review her 
policy to meet the threat. More importantly Sino-Pakistan collaboration has 
created a nuclear threat environment in Indian sub-continent. Pakistan's 
repeated threat of use of nuclear weapons against India is a matter that has 
to be taken seriously. Pakistan wishes to utilize its nuclear capability to its 
advantage for political survivability. It also wishes to resolve the Kashmir 
problem by showing the same as flashpoint for the use of nuclear weapons. 
Thus India has legitimate grievances about Strategic Collaboration 
between China and Pakistan which had made the security condition for India 
very fragile in the region and had without any doubt imposed a heavy 
defence burden upon India. 
Utbliography 
BIBLIOGRAPHY 
Primary Sources : 
Lok Sabha Debates, Vol. 2, (Fifth Series) Second session 24 May 1971, 
Government of India, New Delhi. 
Lok Sabha Debates, Vol. 30, (Fourth Series) Col. 218, 23 July 1969, 
Government of India, New Delhi. 
Lok Sabha Debate, Vol. 46, Col. 657, 1965, Government of India, New 
Delhi. 
Lok Sabha Debates, 14-15 March, 1963, pp. 2162-65 Government of India, 
New Delhi. 
Lok Sabha Debates, Vol. 14, March 1963, pp. 2164-65, Government of 
India, New Delhi. 
Lok Sabha Debates, Vol. 58 (Third Series) 8 August 1966, Col. 3238. 
Ministry of Defence Report 1974-75, Government of India, New Delhi. 
Ministry of Defence, Annual Report, 1996-97, Government of India, New 
Delhi. 
Ministry of External Affairs, Notes, Memoranda and letters Exchanged 
between Governments of India and China, White Paper No. VI, 
November 1961-July 1962, Delhi, 1962. 
Ministry of External Affairs, Sino-Pak 'Agreement' March 2, 1963, Some 
facts (Ministry of External Affairs), Government of India, New Delhi, 
1963, pp.32-34. 
Ministry of External Affairs, The note given by India to the High 
Commissioner of Pakistan in New Delhi on lo"" May, 1962, Foreign 
Affairs Record No. 8, 1963, pp. 139-40. 
Nehru Jawaharlal, Speeches September 1946 to May 1949, Vol. 1, 
Publication Division, New Delhi, 1958. 
289 
Nehru Jawaharlal Speeches, 1949-53, Publication Division, 1954. 
Pakistan National Assembly Debates, 1, 25 February, 1957, 1096. 
Pakistan National Assembly debates, 2, 8 March 1958, 1008-35. 
Pakistan National Assembly Debates, November 21, 1962. 
Pakistan National Assembly Debates, Vol. 2, July 17, 1963, p. 1669. 
Rajya Sabha Debates, Vol. 54, 1965, Col. 2183, Government of India, New 
Delhi. 
United Nations Year Book. 1956, pp. 137-38. 
Books : 
Ahmad, Mushtaq. Pakistan's Foreign Policy, space Publishers, Karachi, 
1968. 
AH, Tariq. Military Ride or Peoples Power, Jonathan Cape, London, 1970. 
Appadorai, A. and M.S. Rajan. India's foreign Policy and Relations, South 
Asian Publishers, New Delhi, 1983. 
Armstrong, J.D., Revolutionary Diplomacy : Chinese Foreign Policy and the 
United Front Doctrine, University of California, London, 1977. 
Arnett Eric, Military Capacity and the Risk of War : China, India, Pakistan 
and Iran, Oxford University Press, New Delhi, 1997. 
Ayub. Khan Mohammad. Friends Not Masters, Oxford University Press, 
London, 1967. 
Banerji, Arun Kumar. Puroshotam Bhattacharya (eds) Peoples Republic of 
China at Fifty : Politics, Economy and Foreign Policy Relations, 
Lancer Books, New Delhi, 2001. 
Bargava, G.S., Pakistan in Crisis, Vikas, Delhi, 1971. 
Barnds, William J., India, Pakistan and the Great Powers, Praeger, New 
Delhi, 1972. 
290 
Behera, Ajay Darshan and Mathew Joseph. Pakistan in a changing Strategic 
Context, Knowledge World, New Delhi, 2004. 
Bhutto, Z.A., The Myth of Independence, Oxford University Press, London, 
1969. 
Bidwai, Praful and Achin Vanaik, South Asia on a Short Fuse : Nuclear 
Politics and the Future of global Disarmament, Oxford University 
Press, New Delhi, 1999. 
Bindra, S.S., Determinants of Pakistan's Foreign Policy, Deep and Deep 
Publication, New Delhi, 1988. 
Blinkerberg Lars, India-Pakistan : The history of unresolved conflicts. Vol. 
1, The Historical Part, Odense University Press, Odense Denmark, 
1998. 
Bola, P.L., Pakistan China Relations : Search for Politico-Strategic 
Relationship, R.B.S.A. Publishers, Jaipur, 1986. 
Brines, Russel, The Indo-Pak Conflict, Pall Mai Press, London, 1968. 
Burke S.M., Pakistan's Foreign Policy : An Historical Analysis, Oxford 
University Press, London, 1973. 
Buzan, Barry and Gawher Rizvi (ed). South Asian Insecurity and the Great 
Powers, St. Martin's Press, 1986. 
Callard Keith, Pakistan's Foreign Policy An Interpretation, 
Mimeographed, New York, 1957. 
Chakarvarti, P.C., Nuclear Proliferation in South Asia, Lancer, New Delhi, 
1991. 
Chakarvarti, P.C., The Evolution of India's Northern Border, Nevvf York, 
1971. 
Cheema Pervaiz Iqbal, Pakistan Defence Policy, Macmillan, London, 1990. 
291 
Chengappa M. Bindanda. India-China Relations : Post Conflict phase to 
Post Cold War Period, APH Publishing Corporation, New Delhi, 
2004. 
Chopra Surendra, Perspectives on Pakistan's Foreign Policy, Guru Nanak 
Dev University Press, Punjab, 1983. 
Chopra, Pran, Scene Changes in Kashmir, India and Pakistan, Gyan 
Publication, New Delhi, 2003. 
Chopra, Surendra (ed.). Studies in India's Foreign Policy, Guru Nanak Dev 
University press, Amritsar (India), 1983. 
Chopra, V.D. and Rakesh Gupta, Nuclear bomb and Pakistan, New Delhi, 
1986. 
Choudhary G.W., India, Pakistan, Bangladesh and the major Powers : 
Politics of a Divided Subcontinent, New York, 1975. 
Choudhary, G.W., The last days of United Pakistan, Indiana University 
Press Bloomington, 1974. 
Choudhary Sukhbir. Indo-Pak War and Big Powers, Trimurthy Publications, 
New Delhi, 1972. 
Cohen, Stephen P., The Pakistan Army, Himalayan Books, New Delhi, 
1984. 
Cohen, Stephen P., Nuclear Proliferation in South Asia : Prospects for Arms 
Control, Boulder Lacorads : West View Press, 1991. 
Cohen, Stephen P., Security of South Asia, American and Asian 
Perspectives, Vistar, New Delhi, 1987. 
Cohen, Stephen, India : Emerging Power, Oxford University Press, New 
Delhi, 2001. 
Das, Tapan, Sino Pak Collusion and US Policy, Asia Publishing House, 
New Delhi, 1972. 
292 
Datt, Savita, The Chagai and Beyond; Nuclear Developments in Pakistan, 
I.K. International, New Delhi, 2003. 
Deshpande, G.P., Alka Acharya, Crossing a Bridge of Dreams : 50 years of 
India China, Tulika, New Delhi, 2001. 
Dixit, J.N., Across Borders : Fifty years of India's Foreign Policy, Picus 
Books, New Delhi, 1998. 
Dixit, J.N., India's foreign Policy J947-2003, Picus Books, new Delhi, 
2003. 
Dixit, J.N., India's Foreign Policy and its Neighbour, Gyan Publishing 
House, New Delhi, 2001. 
Dutt, V.P., India's Foreign Policy, Vikas Publishing House, New Delhi, 
1984. 
Embrec, Ainzlie, T. (ed) Pakistan's Western Borderlands : Transformation 
of a Political Order, Vikas Publishing House, New Delhi, 1979. 
Feldman Herbert, From Crisis to Crisis, Pakistan 1962-1969, Oxford 
University Press, London, 1972. 
Feldman Herbert, Revolution in Pakistan : A Study of the Martial Law 
Administration, Oxford University Press, London, 1967. 
Floyd, David, Mao Against Khruschev : A Short History of the Sino-Soviet 
Conflict, Praeger, New York, 1964. 
Ganguli Sumit, India as an Emerging Power, Frankcass Press, London, 
2003. 
Ganguli, Sumit and Ted, Greenwood. Mending Fences : Confidence and 
Security Building Measures in South Asia, Oxford University Press, 
New Delhi, 1 997. 
293 
Ganguly Ashok, Chronology of Important Events : India's 50 years of 
Independence : 1947-97; Status Growth and Development, vol. 1, 
B.R. World Books, New Delhi, 2002. 
Ghosh, Partha, S., Cooperation and Conflict in South Asia, Manohar 
Publications, New Delhi, 1989. 
Gilks, Anne and Gerald Segel, China and the Arms Trade, Croom Helm, 
London, 1985. 
Gopal, Sarvapalli, Jawaharlal Nehru, A Biography 1956-1964, Vol. Ill, 
Jonathan Cape, London, 1984. 
Goswami, B.N., Pakistan and China, A Study of Their Relations, Allied 
Publishers, New Delhi, 1971. 
Grover Virender (ed.), India's Neighbours and Her Foreign Policy, Deep & 
Deep Publishers, New Delhi, 1992. 
Gupta, Bhabani, Sen, South Asian Perspective : Seven Nations in Conflict 
and Cooperation, B.R. Publishing Company, New Delhi, 1988. 
Halpern, A.M. (ed) Policies Towards China : Views from Six Continents, 
McGraw Hill, New York, 1965. 
Haque, Azizul. Trends in Pakistan's External Policy : 1947-1971 with 
particular reference to Peoples China, Asiatic Press, Dhaka, 
Bangladesh, 1985. 
Hussain, Arif, Pakistan, its Ideology and Foreign Policy, Frank Cass & Co.^ 
London, 1966. 
Isapphani, Mahnaz Z., Roads and Rivals, London, 1990. 
Jafri, Rais, Ahmad A., Ayub : Soldier and Statesman, Mohammad Ali 
Academy, Lahore, 1966. 
Jain, B.M., South Asian Security : Problems and Prospects, Radiant 
Publishers, New Delhi, 1985. 
294 
Jain, J.P.. China, Pakistan and Bangladesh, Radiant Publishers, New Delhi, 
1974. 
Jain, R.K. (ed.) China, Pakistan and Bangladesh, vol. II, Relation 
Publishers, 1977. 
Jayaramu. P.S., India's National Security and Foreign Policy, ABC 
Publication, New Delhi, 1987. 
Jellis, Ashley, T., India's Emerging Nuclear Posture : between recessed 
detterent and Ready arsenal, Oxford University Press, New Delhi, 
2001. 
Johnston Alastair Iain and Robert S. Ross (eds). Engaging China : The 
Management of an Emerging Power, Routledge, London and New 
York, 1999. 
Kapur Ashok, Pokhran and Beyond : India's Nuclear Behaviour, Oxford 
University press. New Delhi, 2001. 
Kapur, Ashok, Pakistan's Nuclear Development, New Delhi, 1986. 
Kapur, Harish, India's Foreign Policy, 1947-92 : Shadow and Substance, 
Sage Publication, New Delhi, 1994. 
Kaul, T.N., Diplomacy in peace and War, Vikas New Delhi, 1979. 
Khalid Zulfikar, Pakistan in the Pamirknot : Geostrategic Imperatives, 
Vanguard Books, Lahore, Pakistan, 1987. 
Khan, F.M., The Story of the Pakistan Army, Oxford University Press, 
Karachi, 1963. 
Khera, S.S., India's Defence Problems, Orient Longmans, New Delhi, 1968. 
Kux Dennis, Estranged Democracies : India and the United States, 1941-
1991, Sage Publications, New Delhi, 1993. 
Lamb, Alastair, Crisis in Kashmir 1947-1966, Routledge & Kegan Paul, 
London, 1966. 
295 
Longer V., The Defence and Foreign Policies of India, Sterling New Delhi, 
1988. 
Mahajan Harpreet, Arms Transfers to India, Pakistan and the Third World, 
Young Asia Publications, New Delhi, 1982. 
Malik, M. and A. Kapur (ed), India : Fifty Years Democracy and 
Development, APH Publishing Corporation, New Delhi, 1998. 
Malleson, G.B., Foreign Rivals on Indian Scenario, B.R. World of Books, 
New Delhi, 2002. 
Mehra, Parshotam, The North Eastern Frontier, Oxford University Press, 
London, 1979. 
Menon Raja, Nuclear strategy for India, Sage Publications, New Delhi, 
2000. 
Mishra, P.K., South Asia in International Politics, UDH Publishers, New 
Delhi, 1984. 
Modelsky, George, SEATO : Six Studies, Cheshire Melbourne, 1962. 
Mohan, Major Sulakshan (Retd.) India's Nuclear Leap, Indian Publishers, 
Distributors, New Delhi, 2000. 
Mukherjee, Amitava, Sudhir Banerjee, Chinese Policy towards Asia, 
Sterling Publishers, New Delhi, 1975 
Mullick, B.N., My Years with Nehru : Kashmir, Allied Publishers, New 
Delhi, 1971. 
Musa, General, Mohammad, My Version : India-Pakistan War 1965, 
Wajadalis Press, Lahore, 1983. 
Nanda, J.N., Foreign Policy of Co-existence - India, Ashish Verma 
Publication, New Delhi, 1997. 
Nanda, Prakash, Nuclearisation of Divided Nations : Pakistan, India and 
Korea, Manas, New Delhi, 2001. 
296 
Nathan AnJrew and Robert S. Ross, The Great Wall and the empty Fortress 
: China's search for security, Norton Press, New York, 1997. 
Nayak, Pandav, Pakistan : Dilemmas of a Developing State, Jaipur, 1986. 
Nayar Kuldip, Wall at Wagah : India-Pakistan Relations, Gyan Publishing 
House, New Delhi, 2003. 
Pande Savita, Pakistan's Nuclear Policy, B.R. World Books, New Delhi, 
1991. 
Pande Savita, Pakistan's Nuclear Policy, B.R. World of Books, New Delhi, 
1993. 
Pannikar, K.M., Common Sense about India, Macmillan, New York, 1961. 
Pathak, K.K., Nuclear Policy of India : A Third World Perspective, Gitanjali 
Prakashan, new Delhi, 1980. 
Patil, D.K. (Major General), War in Himalayas : The Army in crisis, 1962, 
Lancer, New Delhi, 1991. 
Potter, William, C. and Harlan W. Jencks (ed.). The International Missile 
Bazaar : The New suppliers, Westview Press, Boulder, New York, 
1989. 
Perkovich George, India's Nuclear Bomb, University of California Press, 
Berkeley, 1999. 
Ramakant (ed) China and South Asia, South Asian Publishers, New Delhi, 
1988. 
Ramana, M. V. and C. Rammanohar Reddy, Prisoners of the Nuclear Dream, 
Orient Longman, New Delhi, 2003. 
Ranganathan C.V. and Vinod C. Khanna, India and China : The Way Ahead 
After "Mao's India War", Har Anand Publications, New Delhi, 2000. 
Rao, G.N., The India-China Border : A Re-appraisal, Asia Publishing 
House, New Delhi, 1968. 
297 
Razvi, Mujtaba, Frontiers of Pakistan : A Study of Frontier Problems in 
Pakistan's Foreign Policy, Karachi, 1971. 
Rizvi Gowhar, South Asia in a Changing International Order, Sage 
Publication, New Delhi, 1993. 
Rizvi, Hassan, Askari, International Strife and External Intervention : 
Indias Role in Civil War in East Pakistan, Progressive Publishers, 
Lahore, 1981. 
Rowland, J.A., History of Indo-China Relations, D. Van Nostard, Princeton, 
1967. 
Santhanam, K. Srikant Kondapalle (ed) Asian Security and China : 2000-
2010, Shirpa Publications, New Delhi, 2004. 
Sen Ayanjit (ed.) India's Neighbours : Problems and Prospects, Haranand 
Publication, New Delhi, 2001. 
Shadevan, P.S., Conflict and Peace Making in South Asia, Lancer New 
Delhi, 2001. 
Shahi, Agha, Pakistani Security and Foreign Policy, Progressive Publishers, 
Lahore, 1988. 
Sharma, B.L., The Pakistan-China Axis, Asia Publishing House, Bombay, 
1968. 
Sharma, Lt. Col. Gautam and K.S. Nagar (ed.), India's Northern Security, 
Reliance Publishing House, New Delhi, 1986. 
Sharma, Shriram, India china Relations I972-I99I, Discovery Publishing, 
New Delhi, 2003. 
Siddiqui, Aslam, Pakistan Seeks Security, Longman, Lahore, 1960. 
Sing, Swaran, China-South Asia : Issues, Equations, Policies, Lancer Books, 
New Delhi, 2003. 
Singh, Gurnam, Sino-Pak Relations : The Ayub Era, Amritsar Punjab, 1987. 
298 
Singh, Patwant, Struggle for Power in Asia, London, 1968. 
Singh, Sangant, Fakistan 's Foreign Policy : an Appraisal, Asia Publishing 
House, New Delhi, 1970. 
Sinha, B.P., Subramanian, R.R., Nuclear Pakistan, New Delhi : Vision 
Books, 1977. 
Subramaniam, R.R., India, Pakistan, China : Defence and Nuclear Tangle in 
South Asia, New Delhi, 1989. 
Subramanyam, K., Matin Zuberi and Raja Ramanna, Problems of Living in 
Nuclear Age, Centre for Research in Rural and Industrial 
Development, Madhya Marg, Chandigarh India, 1985. 
Swamy Subramanian, India's China Perspective, Konark Publishers, New 
Delhi, 2001. 
Syed, Anwar, Hussain, China and Pakistan : Diplomacy of an Entente 
Cordiale, Oxford University Press, London, 1974. 
Thomas Raju, G.C. Amit Gupta (ed) India's Nuclear Security, Vistar 
Publication, New Delhi, 2000. 
Tiwari, H.D. India and the Problems of Nuclear Proliferation, R.K. 
Publishers Delhi, 1988. 
Tiwari, Satish, External Affairs and International Relations, Anmol 
Publications, New Delhi, 2000. 
Tiwari, Satish. India's National Security, Annual Review 2001, Vikas, New 
Delhi. 2002. 
Vandana, A., Ashok, C. Shukla, Security in South Asia : "Trends and 
Directions", APH Publishing Corporation, New Delhi, 2004. 
Weekes. Richard, Pakistan : Birth and Growth of a Muslim Nation, D. Van 
Nostard, New Jersey, 1964. 
299 
Williams, L.F. Rushbrook, Pakistan under Challenge, Staley Inc. London, 
1975. 
Williams, L.F. Rushbrook, The state of Pakistan, Faber & Faber, London, 
1962. 
Younghusband, F.E., The Northern Frontiers of Kashmir 1980 reprint. 
Orient Publications, Delhi, 1973. 
Articles : 
Ahmad (Retd) Air Marshal Ayaz "Mirage 2000-5 : The Bad deal. The Nation 
(Islamabad), 6 September 1997, p. 7. 
Ahmad, Mustaq, "Pakistan's Policy in South east Asia", Pakistan Horizon, 
June 4, 1951. 
Ahmad, Mesbahuddin, "Sino-Pakistan Relations : Past and Present", Biss 
Journal, Vol. 8, No. 3, July 1987, Bangladesh Institute of Strategic 
Studies, p. 298. 
Ahmad, Naveed, "Sino-Pakistan relations (1971-1981)", Pakistan Horizon, 
Vol. 34, No. 3, 1981, pp. 56-81. 
Akhtar, Shaheen, "Pak-China Economic Relations : Forging Strategic 
Partnership in 21^' Century", Regional Studies, vol. 19(3), Summer 
2000-01, Islamabad, Pakistan, pp. 35-36. 
Ahrari, M. Ehsan, "China, Pakistan, and the Taliban Syndrome", Asian Survey, 
Vol. XI, No. 4, July/August 2000, pp. 658-671. 
Ali, Mohsin, "The Thirty Years of Sino-Pakistan Diplomatic Relations", Dawn, 
21 May 1986. 
American Views on China's Nuclear Exports and Assistance to Pakistan, peace 
Initiative, Vol. 5, No. (3-4) May-December 1999, IDSA New Delhi, pp. 
28-62. 
300 
Askari, M.H., "Old Friendship, New Realities", Peace Initiative, May-
December 1999, IDS A, New Delhi, pp. 211-214. 
Ayoob, Mohammad, "India as a factor in Sino-Pakistan Relations", 
International Studies, New Delhi, 1968, pp. 270-300. 
Badania, Rajpal, "The Emerging International Security System : Threats, 
Challenges and Opportunities for India", Strategic Analysis, Vol. 27, 
No.l, January march, IDSA, New Delhi, 2003. 
Barnds, William J., "China's Relations with Pakistan : Durability Amidst 
Discontinuity", China Quarterly, No. 63,September, 1975, p. 465. 
Baruah Amit, "Pakistan also detonates five nuclear devices". The Hindu, 29 
May 1998, p. 1. 
Bashar, AmanuUah, "Pak-China Cooperation in Energy Sector", Pak and Gulf 
Economists, Vol. 22, No. 49, December, 14, 2003, Islamabad, pp. 12-14. 
Bhattacharjea, Mira Sinha, "India-China-Pakistan : Beyond Kargil - Changing 
Equations", China Report, 35 : 4 (1999), pp. 493-499. 
Bhatty, Maqbool Ahmad, "China's Emerging Role in the World", Peace 
Initiative, Vol. 5, No. (3-4), May-December, 1999, IDSA, New Delhi, 
pp. 157-169. 
Bhutto, Z.A., "The Onset for Peace", The Pakistan Institute of International 
Affairs. 
Caroe, Olaf, "China in Central Asia", Round Table London, 26 October, 
1966, p. 384. 
Caroe, Olaf, "China in Central Asia", Round Table, October 1966. 
Challeney, Brahma, "Pak Fuel, Chinese Bomb", The Hindustan Times, New 
Delhi, 1 May 1995, p. 12. 
Chandran, Ramesh, "US may take soft stand on ring magnet issue", The Times 
of India, New Delhi, March 28, 1996. 
301 
Chaudhri, Mohmmad, A., "Strategic and military Dimension in Pakistan China 
Relations", Pakistan Horizon (Karachi), Vol. 39, No. 1 (First quarter), 
1986, p. 27. 
Chaudhry, G.W., "Reflections on Sino-Pakistan Relations", Pacific 
Community, Vol. 7, No. 2, January 1976, p. 172. 
Cheema, Pervaiz Iqbal, "Significance of Pakistan - China Border Agreement of 
1963", Pakistan Horizon, 39:1 (First Quarter, 1986), pp. 41-52. 
Chopra, Maharaj, K. "India and the Sino-Pakistan Axis", Shakti, Vol. 2, No. 
6, June 1966, pp. 10-13. 
Chopra, Maharaj, K., "The Political Meaning of more Chinese Troops on 
Indo-Pak Border", Organiser, Vol. XXXI, No. 16, November 1968. 
Choudhary, G.W., "Pakistan and Communist World", Pacific Community, 
Vol.6, No. 1, October. 1974. 
Cohen. Stephen, P., "Pakistan : Army, Security and Society", Asian Affairs : 
American Review, Vol. 10, No. 2, Summer, 1983, p. 19. 
Deshingkar, G.D., "India-China : The Security Dimension", China Report, Vol. 
XV, No. 2, 1979, p. 73. 
Deshingkar, Giri, "An Anti-India Glue ? China-Pakistan Relations", 
MANUSHI, Vol. 110, New Delhi, Jan.-February 1999, p. 15. 
Dewan, Berindernath, "Sino-Pak Alliance : A Study in perspective", 
Mainstream, Vol. 3, No. 32, April 10, 1965, pp. 7-10. 
Dixit, Aabha, "Pakistan's Defence Industries : has indigenisation proved 
successful". Strategic Analysis, IDSA, New Delhi, August 1989, pp. 
538-39. 
Dixit, Aabha, "Flying Troika : Pakistan's Missile Programme, Now 
Represents Series : Threat to India, The Telegraph, September 2, 
1996. 
302 
Durrani. M. Asad, "Whither the Nukes?", Peace Initiative, Vol. 5, No. (3-4), 
May-December 1999, IDSA, New Delhi, pp. 63-72. 
Dutta, Sujit, "India's Evolving Relations with China", Strategic Analysis, 
IDSA, New Delhi, July 1995, p. 483. 
Dutta, Sujit, "China and Pakistan : End of Special Relationships", China 
Report, Vol. 40, No. 2, 1994, pp. 134-35. 
Epstein, William, "The Last Chinese", Free Press, New York, p. 317. 
Farooq, Umar, "Li Peng, Sharif discuss ties, issues". The Nation (Islamabad), 
12 February, 1998, pp. 1, 15. 
Ganguli, Shivaji, "Chou en lai in Pakistan", Foreign Affairs Report, New 
Delhi, Vol. 13, No. 4, April 1964. 
Gannon, Kathy, "China-Pakistan nuclear ties to continue : Jiang", The Times of 
India (New Delhi), 2 December, 1996. 
Garver, John W., "Sino-Indian Reapproachment and the Sino-Pak Entente", 
Political Science Quarterly, Vol. Ill, No. 2, 1996, New York, pp. 323-
47. 
Garver. John W., "The restoration of Sino-Indian Comity following India's 
Nuclear Tests". China Quarterly, No. 168, December 2001, p. 868. 
Gertz, Bill, "Beijing Arms Pakistan", The Washington Times, 6 August 2001. 
Gertz, Bill., "Bijing Flouts Nuke-Sales Ban", Washington Times, 9 October 
1996,pp. A1,A9. 
Gupta, Narendra, "Nuclear Missiles in Tibet", The Times of India, March 
24, 1988. 
Gupta, Shekhar, "Sino-Pak Collaboration : An Ominous Axis", India Today, 
February 15, 1987, p. 136. 
Gupta, Sisir, "indo-Pakistan Relations", International Studies, New Delhi, 
Vol. V, 1963, p. 175. 
303 
Hagerty, Devin T., "China and Pakistan : Strains in the Relationship", Vol. 
101, No. 656, Current History Phildelphia 2002, pp. 284-289. 
Haqqani, Hussain, "The Pakistan - North Korea Connection", International 
Herald Tribune (Hong Kong) 31 October, 2002. 
Hassan, K. Sarwar, "The Strategic Interest of Pakistan", Pakistan Institute of 
International Affairs, Karachi, 1954. 
Hough, Harold, "Pakistan's Nuclear Status - Confusion or Strategy?", Janes 
Intelligence Review, London, Vol. 7, No. 6, June 1995, p. 270. 
Ispahani, "The Foreign Policy of Pakistan 1947-64", Pakistan Horizon, Vol. 
XVII, No. 3 (Third Quarter, 1964), pp. 238-68. 
Jackson, Robert, "The Great Powers and the Indian Sub-continent", 
Strategic Digest (IDSA) New Delhi, June 1973, p. 1-13. 
Jha, D.C., "Attitudes of communist China towards the Indo-Pakistani Sub-
continent", Indian Journal of Political Science, Vol. 30, No. 3, July-
September 1969, pp.249-59. 
Kapur, Ashok, "China and Proliferation : Implications for India", China 
Report, Vol. 34, No. 3 & 4 (New Delhi), 1998, p. 402. 
Kaul, J.M., "Sino-Pak Concord", New Age, Vol. 1, No. 3, June 1964, pp. 38-46. 
Kaushik, Devendra, "Indo-Soviet Treaty Historical Perspective", Indian Left 
Review, Vol. 1, No. 8, September 1971, pp. 31-34. 
Khan, Hafeez-ur Rehman, "Pakistan's Relations with the Peoples Republic of 
India", Pakistan Horizon, Vol. XIV, No. 1, 1961, pp. 212-32. 
Koch, Andrew, "Pakistan persists with Nuclear Disarmament", Janes 
Intelligence Review, March 1997, p. 132. 
Krishnaswamy, Sridhar, "Sale of Missiles; Clinton going soft on China, feel 
Law makers", The Hindu, 13 June, 1998. 
304 
Mahapatra, Chintamani, "The US, China and Ghauri Missile", Strategic 
Analysis, vol. 22, No. 3, IDSA, New Delhi 1998, p. 363. 
Mahdi, Niloufer, "Sino-Pakistan Relations : Historical Background", Pakistan 
Horizon, 39:1 (First Quarter, 1986), pp. 60-68. 
Mahmud Khalid Prof., "Sino-Pakistan Relations : An all weather 
Friendship", Regional Studies, Vol. 19(3), Summer 2000-01, 
Islamabad Pakistan. 
Malik, General V.P., "Limited war can erupt any time", The Times of India, 
.January 07, 2000. 
Malik, J. Mohan, "South Asia in China's Foreign Relations", Pacific 
Review, Vol. 13, February 2001. 
Mathur, H.B., "The Sino-Pakistan Alliance", India and Foreign Review, Vol.1, 
No. 7, January 15, 1964. 
Mehrotra, O.N., "Agha Shahi's visit to Paksitan", Strategic Analysis, January, 
1981, p. 450. 
Milhollin, Gary and Gerald White, "A New China Syndrom : Beijing's Atomic 
Bazar", Washington Post, 12 May 1991, pp. CI, C4. 
Minglani, Sanjeev, "India considering Building Nuclear Weapons", Reuters 
New India, Online, April 14, 1998. 
Mishra, S.N., "The Meaning of Chinese Threat", Motherland, 30 December, 
1971. 
Namboodri, P.K.S., "Foreign Links : Axis with China in Pakistan and the 
Bombay : The Benefits of Ambivalence", World Focus, New Delhi, 
Vol. 5, No. 7, July 1984, p. 19. 
Naqvi, J.A., "Enemy of a Friend=Enemy : China and Pakistan are comrades in 
Arms thanks to India and the U.S.", HIMAL, Vol. XI, No. 6, Katmandu, 
1998, p. 31. 
305 
Naqvi, Lt. General, Syed Tanwir H., "Self reliance in armament manufacture 
Heavy Industries Taxila", Defence Journal, Karachi, Vol. XIX, No. 11-
12, 1993, p. ii. 
Naqvi, M.B., "Our Foreign Policy, Assumptions, Motivations and 
Frustrations", Pakistan Observer, Dacca, 14 August, 1966. 
Naqvi, M.B., "Pakistan's place in Chinese Calculations", Pakistan Horizon, 
39:1, First Quarter 1986, pp. 29-40. 
Nayan, Rajiv, "Sino-Pakistani Missile Collaboration", Peace Initiative, Vol. 5, 
No. (3-4) IDS A, New Delhi, May-December, 1999, p. 76. 
Nuri, Maqsudul, Hasan, "China and South Asia in the 21" century", Peace 
Initiative, Vol. 5, No. (3-4), May-December, 1999, IDSA, New Delhi, 
pp. 191-210. 
Palmer, Norman D., "China's Relations with India and Pakistan", Current 
History, September 1971. 
Panda, Snehalata, "Pokhran II : Response of US, Russia, China and Pakistan", 
Biss Journal, vol. 20, No. 1, 1999, pp. 12-30. 
Paul, T.V., "Chinese-Pakistani Nuclear Missile Ties and Balance of Power 
Politics", The Non-Proliferation Review, Vol. 10, No. 2, Washington 
D.C., Summer, 2003. 
Perkovich, George, "South Asia : A Bomb is born", News Week, January 24, 
2000, p. 52. 
Pradhan, Ramchandra, "India, Pakistan and China", Mankind, January 
February, 1969. 
Prakash, Shri, "Sino-Pakistani Relations comparing changes over three 
Decades", Peace Initiative, Vol. 5, No. (3-4), May-December, 1999, 
IDSA, New Delhi, pp. 125-131. 
Pringsheim, Klaus, H., "China's Role in Indo-Pakistani Conflict", China 
Quarterly, Octoher-Decemher, 1965, pp. 170-75. 
306 
Puri, Rakshat, "China-Pakistan Marriage of Convenience-1, Hindustan Times, 
26 November 1962. 
Qadir, Manzur, "The Foreign Policy of Pakistan", Pakistan Horizon, Vol. 
13, 1960, p. 7. 
Quadir, Iqbal, F., "Fiftieth Anniversary of Pakistan China Relations", Pakistan 
Horizon, Vol. 54, No. 3, 2001, Karachi, ppp. 24-27. 
Qureshi, Khalida, "Major factors in Pakistan - East European Relations", 
Pakistan Horizon, Vol. XII, No. 3, 3"* Quarter, 1969, pp. 244-45. 
Qureshi, Khalida, "Pakistan and the Sino Indian Dispute", Pakistan Horizon, 
January-April, 1963. 
Rahman, Fazal-ur, "Pakistan China Relations in a Changing Geo-strategic 
Environment", Strategic Studies, Islamabad, Vol. 22, 2002, pp. 37-61. 
Rahman, Fazl-ur, "Pakistan's relations with China", Strategic Studies, Vol. 
19-20, No. (4-1), Winter/Spring 1998, pp. 57-58. 
Rahul, Ram, "The Politics of China's Other Boundaries", The India and 
Foreign Review, Vol. 1, No. 9, February 15, 1964, pp. 16-18. 
Raj an, M.S., "The Tashkent Declaration, Retrospect and Prospecf, 
International Studies, 8 Nos. 1 and 2 (July-October, 1966). 
Reddy, B. Muralidhar, "A.Q. Khan linked to 4-arms Projects of three 
countries", The Hindu, 9 January, 2003, p. 12. 
Rizvi, Hassan Askari, "Factors shaping Pakistan's Arms Production 
Programme", Defence Journal, Karachi, Vol. XIV, No. 11, 1988, p. 42. 
Salim, Ahsen, "Pakistan China Collaboration : Fruit of Independent Foreign 
Policy", Dawn, 15 April 1966. 
Sawhney, Pravin K., "Pakistan Scores over India in Ballastic Missile Race", 
Janes Intelligence Review, November 2001, p. 31-35. 
307 
Sawhney, R.G., "Sino-Pak nuclear cooperation", Mainstream, Vol. 22, No. 32, 
07 April 1984, p. 4. 
Seth, S.P., "China as a Factor in Indo-Pakistan Politics", World Today, vol. IX, 
No. 8, August, 1969. 
Sharma, Kashi Ram, "Sino-Pakistan Relations in the Context of Bangladesh", 
China Report, Vol. VII, No. 6, November-December 1971, pp. 53-56. 
Sherwani, Latif Ahmad, "Review of Sino-Pakistan Relations (1981-85)", 
Pakistan Horizon, Karachi 39: 1 (First Quarter 1986), pp. 92-106. 
Siddiqui, Wahab, "Sino-Pak Nuclear Accord, Pakistan Horizon, 39:1, First 
Quarter, 1986, pp. 53-59. 
Simon, Sheldon W., "China Soviet Union and the Sub-continental Balance", 
Asian Survey, Vol. 13, No. 7, July 1973, p. 650. 
Sing, Swaran, "Sino-Pak Defence Cooperation : Joint Ventures and Weapons 
Procurement", Peace Initiative, Vol. 5, No. (3-4), 1999, IDSA, New 
Delhi, pp. 4-5. 
Singh, Gurnam, "The Karakoram Highway : Strategic Implications for India", 
Indian Journal of Political Science, Vol. 42, No. 1, January-March 
1981, p. 20. 
Singh, Swaran, "China's Kashmir Policy", World Focus, New Delhi, Vol. 
23, Nos. 10-12, October-December, 2002. 
Sinha, Mira, "The Sino-Pakistan Drama", Motherland, 9 February 1972. 
Sirohi, Seema, "China supplying extra heavy water to Pakistan", The 
Telegraph, Calcutta, September 12, 1997. 
Stockwin, Harvey, "Appearing China increases its bellicosity". The Times of 
India, New Delhi, 9 February 1996. 
Stockwin, Harvey, "Ring Magnets : Ten years effort by Beijing to help 
Pakistan", The Times of India, New Delhi, 10 February, 1996. 
308 
Subrahamanyam, K., "Zia's Twin threat-II : The Nuclear bomb". Gentleman 
Magazine, Bombay, April 1983, p. 36. 
Subramanyam, K., "The interests of External Powers in Pakistan", Journal of 
IDSA, Vol., V, No. 3, January 1973, pp. 12-13. 
Suharwardy, Nilofar, "The Sino-Pakistan Nuclear Axis", The Pioneer, New 
Delhi, February 12, 1996. 
Sun, Xiao, "China condemns India for underground Nuclear Tests", China 
Daily (Hong Kong), 15 May, 1998. 
Suyin, Han, "Sino-Indian Relations : What the Chinese Think", Indian Express, 
20 October 1971. 
Swamy, Subramaniam, "Diplomacy : The China Syndrome", Gentleman 
Magazine, (Sterling Newspapers, Bombay) 13 January 1982, p. 13. 
Syed, Anwar Hussain, "China and the Indo-Pakistan war 1965, ORBIS, Vol. X, 
1966, pp. 859-880. 
Syed, Anwar Hussain, "The Politics of Sino-Pakistani Agreements", ORBIS, 
Vol. XI, No. 3, 1967. 
Syed, Bin, Khalid, "Pakistan's Foreign Policy : An Analysis of Pakistan 
Fears and Interests", Asian Survey IV, No. 3, March, 1964. 
Tyagi, V.K., "China's Bangladesh Policy", China Report, Vol. XVI, No. 4, 
1980, pp. 20-21. 
Verma, S.P., "India, Pakistan and China : a study in regional imbalances", 
South Asian Studies, Jaipur India, Vol. 6, No. 2, July 1971. 
Verma, Virender Sahai, "Geo-strategy and the Karakoram Highway", peace 
Initiative, Vol. 5, No. (3-4), May-December, 1999, IDSA, New Delhi, 
pp. 108-118. 
Vertzberger, Yaacov, "Political Economy of Sino-Pakistan Relation : Trade 
and Aid 1968-82", Asian Survey, vol. 23, No. 5, University of California 
Press, May 1983, p. 647. 
309 
Vertzberger, Yaacov, "The Enduring Entente : Sino-Pakistani Relations 1960-
81", Washington Papers, ^ew York, 1983. 
Viswan, S., "US Position : A Game of Double-speak in Pakistan and the Bomb 
: The Benefits of Ambivalence'", World Focus, Vol. 5, No. 7, July 1984, 
p. 13. 
Newspapers : 
Amrita Bazar Patrika (Calcutta) 
Dawn (Karachi) 
Evening News (Karachi) 
Indian Express (New Delhi) 
International Herald Tribune (Paris) 
Morning News (Dacca) 
Pakistan Observer (Dacca) 
Pakistan Times (Lahore) 
Patriot (Delhi) 
Peking Review (Peking) 
Peoples Daily (Peking) 
Pioneer (New Delhi) 
Statesman (Delhi) 
The Hindu (Chennai) 
The Hindustan Times (Delhi) 
The New York Times (New York) 
The Times of India (Delhi) 
Tribune (Chandigarh) 
Periodicals/Journals/Year Books 
Asian Recorder Delhi (Weekly) 
Centre for Non-proliferation Studies, Moneterey Institute of 
International Studies (USA) 
Economic and Political Weekly (Bombay) 
310 
Economist (London) 
Far Eastern Economic Review (Hong Kong) 
Foreign Affairs Reports (New Delhi) 
Frontier (Calcutta) 
Indian Foreign Affairs (New Delhi) 
Indian Journal of Politics (Aligarh) 
Janes Defence Weekly (New York) 
Link (Delhi) 
Mainstream (Delhi) 
Manushi (New Delhi) 
Military Balance International Institute for Strategic Studies (London) 
News week 
Pacific Affairs (London) 
Pakistan Horizon (Karachi) 
Peace Initiative. IDSA, New Delhi. 
Seminar (New Delhi) 
South Asian Studies (Jaipur) 
Stockholm International Peace Research Institute (SIPRI) Year Book 
(Stockholm) 
Strategic Analysis (IDSA, New Delhi) 
Strategic Digest (IDSA, New Delhi) 
The Washington Post (Washington) 
World Focus (Nevv' Delhi) 
Websites 
http://www.cia.gov/cia/reports/72 l_reportsjuly_dec2001 .htm 
http://www.nti.org/db/china/npakpos.htm/ 
http://www.globalsecurity.org/militaryworld/pakistan/mbt_2000.htm 
